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MAGNETIC LIFTING 


Do you want to solve a problem of lifting and han- 
dling bagged, boxed or b=2re iron and steel parts? 
Then look for an answer in the Cutler-Hammer line 
of lifting magnets ... every type, from 5 inches up 
to 6 feet in diameter. 





MAGNETIC CLUTCHING 


To start and stop machines smoothly, automatically, 
investigate C-H Magnetic Clutches. All mechanical 
clutch functions plus many extra advantages. Re- 
mote control by pushbutton or automatic means. 
Superior where speed relationship is fixed or space 
at a premium. 


MAGNETIC SORTING 


To keep materials in process free ... to protect val- 
vable machinery... from stray pieces of iron or 
steel, use a Cutler-Hammer Magnetic Separator. 
Can be installed as part of continuous conveyor line. 
Valuable in salvaging scrap from refuse, etc. 
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Builders of all kinds of machines are deeply interested 
in the possibilities of electronic controls. But before any 
machine may use electronics, it must be electrically op- 
erated to make such control possible. Magnetics can be 
the bridge between mechanics and electronics. Possibly. 
that is the very point where your redesign work should 
start. Cutler-Hammer engineers have pioneered in both 
magnetics and electronics. They have built magnetic 
clutches as small as your hand and others bigger than a 
man. Their magnetic brakes are used in steel mills and 
other industries throughout the world. C-H magnetic 
separators are used in a wide variety of processes. 
Cutler-Hammer built the world’s largest lifting magnets 
--.and the majority of those of smaller size. If you think 
your machines should now employ electronic controls or 
might be improved simply with magnetics, discuss your 
problem with a Cutler-Hammer engineer. His counsel 
will be useful because his recommendations will be prac- 
tical... based on experience. CUTLER-HAMMER, Inc., 
1310 St. Paul Ave., Milwaukee 1, Wisconsin. Associate: 
Canadian Cutler-Hammer, Ltd., Toronto, Ont. 






Engineering Excellence Finds its Greatest Reward 





an the Respect and Confidence of those tt Serves 
Milwaukee Plants 
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MAGNETIC BRAKING 


Where machines must be stopped, automatically, 
quickly, without a jar, use a C-H Magnetic Brake. 
Pushbutton or automatic control. Action smoothly 
cushioned, operation positive and assured. For hoists 
and cranes or wherever loads are to be held or 
machines stopped. 
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@ Now, with none too many ball bearings available 
for a great deal of important work, it is more neces- 
sary than ever to use them right; to apply them with 
careful consideration for the conditions under which 
they must operate; to obtain from them the longest 
possible service life.... You may not have problems 
that would benefit from details such as shown here, 
hut. the. experience of New Departure engineers is 
always open to you for aid in bearing applications 
of any nature. 
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THIS BEARING MOUNTING 


is subjected to considerable moisture below the hous- 
ing cover “C.” The water-pump type of seal with 
synthane disc “B” is lightly oil lubricated and very 
effective. 


Since temperatures above bearings are rather 
high, oil is circulated in such a manner as to provide 
a definite cooling effect. 


The slinger “A” is cupped to trap oil when 
machine is stopped. When started this oil furnishes 
instant lubrication for bearings. 

Oil reservoir is large for long operating periods 
without attention. Baffle prevents bulk of oil im 
reservoir from churning. 





—————— 
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NEW DEPARTURE «+ DIVISION OF GENERAL MOTORS CORPORATION - BRISTOL, Conny 
Sales Branches: DETROIT, G. M. Bldg., Trinity 2-4700 ° CHICAGO, 230 N. Michigan Ave., State 5454 . LOS ANGELES, 5035 Gifford Ave., Kimba 
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Classified for Convenience when Studying Specific Design Problems 


Design Calculations: 
Creep data, applying in design, Edit. 113-118 
Helical spring design, Edit. 145-148 


Design Problems: 

Brass powder parts, design of, Edit. 129-132 

Brasses—properties, characteristics and applications, Edit. 
149-153 

Clutches, selecting and specifying, Edit. 101-106, 174 

Crankpin lathe, redesigning for speed and accuracy, Edit. 
133-138 

Heat treatment, influence on design, Edit. 107-112 

Motor-control assemblies facilitate design, Edit. 123-128 

Patent courts, synchronization of, Edit. 93-96, 172 

Plastic resins and laminates, new, properties of, Edit. 119- 
122 

Vibration and noise—causes and cures, Edit. 85-90, 176 


Engineering Department: 
Design service, Adv. 252, 296, 303, 316, 326, 330 
Equipment and supplies, Edit. 139-140, 188; Adv. 62, 75, 
165, 210, 258, 276, 302, 312 
Instruments, Adv. 10 
Management, Edit. 85-90, 176; 93-96, 172; 97-100 


Finishes: 
Enamel, Edit. 82 
Paints, Adv. 42, 48 

Materials: re 
Aluminum alloys, Edit. 91; Adv. 49, 52, 304 
Babbitt, Adv. 320 
Brass, Edit. 129-182, 149-153; Adv. 287, 288 
Cobalt alloys, Adv. 71 


Felt, Adv, 221 
Friction material, Adv. 235 
lass, Adv. 200, 309 


Indium, Adv. 262 

Magnesium alloys, Adv. 46, 227 

Molybdenum, Adv. 169 

Nickel alloys, Adv. 161, 197 

Plastics, Edit. 82, 119-122, 168; Adv. 16, 17, 58, 60, 63, 
189, 258, 254; 298, 341 

Powder metal, Edit. 132, 144; Adv. 18 

Rubber and synthetics, Edit. 82; Adv. 30, 33 

Steel, Adv. 202, 203, 211, 251, 295, 313, 353 

Tungsten carbide, Adv, 307 


Parts; 


Balls, Adv. 280 
Bearings, Edit. 185, 162; Adv. 4, 8, 11, 14, 15, 67, 155, 
171, 175, 181, 184, 222, 234, 300, 306, 336, 343, BC 
Bellows, Adv. 21, 61, 72 
Belts, Adv. 22, 23, 39, 279, 299 
Blowers, Ady, 292 
Brakes, Edit. 126; Adv. 316 
oe ~ 824 
e controls, Edit. 92; : 
Cams, Ady. 290 wanna 
m parts, Adv. 57, 291 
Cast parts, Adv. 26, 68, 240, 247, 260, 301 
: Adv. 13, 19, 36, 48, 215, 239 
ques Adv. 340 
itches, Edi : or eee 
gh it. 101-106, 174; 127, 136; Adv. 212, 276, 285, 


Controls, electrical, Edit. 92, 123-128, 136, 144, 156, 158, 
160, 162; Adv. IFC, 27, 40, 41, 45, 47, 80, 157, 167, 
207, 208, 219, 220, 236, 237, 250, 257, 259, 272, 274, 
281, 342, 351 

Conveyor belts, Adv. 209 

Counters, Adv. 76 

Couplings, Edit. 91, 158, 162; Adv. 178, 272, 286, 302, 
306, 331 

Electric equipment, Edit. 160, 162, 164, 166; Adv. 59, 183, 
288, 312, 314, 324, 332, 345 

Engines, Edit. 144; Adv. 210, 274 

Fastenings, Edit. 162, 166, 168; Adv. 1, 6, 20, 28, 34, 70, 
177, 179, 180, 196, 223, 229, 242, 278, 284, 294, 298, 
805, 314, 318, 382, 354 

Filters, Adv. 289 

Fittings, Adv. 37, 195, 266, 308 

Floats, Adv. 310 

Forgings, Adv. 244, 269, 280, 327, 328, 334 

Gears, Edit. 186; Adv. 56, 216, 246, 265, 267, 270, 278, 
298, 300, 308, 336, 342 

Governors, Edit. 125; Adv. 268 

Heat exchangers, Edit. 156 

Hydraulic equipment, Edit. 166; Adv. 9, 50, 51, 83, 239, 
245, 255, 262, 266, 290, 323, 347 

Instruments, Adv. 292 

Joints, Adv. 163, 334 

Labels, Edit. 164, 168; Adv. 268 

Lighting, Edit. 82; Adv. 198, 198 

Lubrication and lubricating equipment, Edit. 135; Adv. 69, 
217, 241, 296 

Machined parts, Adv. 74, 268, 282, 292 

Motors, Edit. 123-128; Adv. $1, 32, 35, 44, 77, 78, 79, 
185, 186, 188, 191, 209, 228, 240, 261, 264, 270, 277, 
281, 298, 300, 310, 335, 338, 340, IBC 4 

Mountings (rubber), Adv. 29, 218, 315 

Plastic parts, Edit. 156; Adv. 72, 218, 276, 326 

Pneumatic equipment, Edit. 164; Adv. 84, 2R& 271, 306, 318 

Pulleys, sheaves, Adv. 64, 65 

Pumps, Adv. 58, 178, 176, 187, 266, 272, 275, 284, 294, 
804, 308, 310 

Seals, packing, Edit. 186, 160; Adv. 2, 12, 159, 194, 283, 
294, 316 

Shafts, flexible, Adv. 270, 280 

Speed reducers, Edit. 158, 160; Adv. 81, 206, 311, 317, 
826, 340 

Springs, Edit. 145-148; Adv. 249, 282, 290, 346 

Stampings, Adv. 388 274, 329, 339 

Tires (pneumatic), Adv. 190 

Transmissions (variable speed), Edit. 125; Adv. 278, 332 

Tubing, metallic, Adv. 54, 55, 192, 199, 226, 280, 231, 243, 
833, 337 

Tubing, nonmetallic, Adv. 233, 324, 342 

Universal joints, Adv. 66 

Valves, Edit. 166; Adv. 182, 304 

Welded parts and equipment, Adv. 24, 25, 204, 325, 336, 
338, 346 . 

Wheels, casters, Adv. 198 

Wheels, grinding, Adv. 278 


Production: 


Grinding, Adv. 205, 297 

Hardening, Edit. 82, 144; Adv. 214, 349 
Instruments, Adv. 338 

Service facilities, Adv: 224, 225, 318 
Tools, Adv, 248, 256, 314 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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Why? Because It’s a SPEED NUT 


SPEED NUTS are made of heat-treated, 
live spring steel. They have a live arched 
spring lock and an inward thread lock. 
Live spring action absorbs vibration instead 
of merely resisting it. 


Before Pearl Harbor, over two million a day 
were used on automobiles, refrigerators, 
stoves, heaters, radios and hundreds of 
other products. When the shooting is over. 


FASTEST THING 


still more will be used because more engi- 
neers have learned that SPEED NUTS are 
lighter, double-locking and faster to apply. 
And in addition to all their exclusive advan- 
tages, SPEED NUTS still cost substantially 
less than other self-locking nuts. Write today. 
TINNERMAN PRODUCTS, INC. 


2085 Fulton Road, Cleveland, Ohio 


In Canada: Wallace Barnes Co., Ltd., Hamilton, Ontario 
in England: Simmonds Aerocessories, ltd., London 
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life and sales appeal make it imperative to hold them at a minimum. Locating sources 
and measuring magnitude is the subject of the timely article beginning on Page 85. 


Patents May Be Good As Gold in California... . 
. + + « yet judged invalid in New York. Thit't die pranie “eatin: ‘What's needed is a 
more unified system in our patent courts. George V. Woodling, noted patent authority, 
gives his views on such a system commencing Page 93. 


ines 


Postwar Designs Will Be Influenced Greatly .... 
. . . . by recent advances in the heat treatment of steel. What are these advances? 
_What do they offer the designer? What do they promise for the future? Harry W. 
McQuaid brings you vital information on this subject. Page 107. 


Exceptional Strength-Weight Ratios of New Glass Laminates ... . 
. . . « place them squarely in the running with some metals. Offering tensile strengths 
up to 55,000 pounds per square inch at specific gravities of 1.7 to 1.77, they’re becoming 
increasingly important structural materials. Much of the secret lies in their bonding 


resins. Page 119. 


Greater Use of Combination Motor-Control Units ... . 
. . . . isan ascendant trend. These compact “packages” of controlled power save space 
and weight—make for neater, more efficient design. Their impact on design of the 
future will be considerable. See Page 123. 


Brass Powder Parts Can Be Designed Competently ... . 

. . « . only when their production process is understood. Shape of part not only in- 
fluences feasibility of production but has much to do with strength and ductility. For 
the latest data on brass powder machine parts, turn to Page 129. 
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LET FRICTION 





YOUR 
PRODUCTION 
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In the high-speed drive for Victory, FRICTION finds its greatest opportunity. 
Machine operators have rest intervals, but the machines themselves have none. And so, 
normal inspections and adjustments may be overlooked—lubrication may be neglected— 
a bearing becomes dry or dirty, and over-heated—FRICTION’S agents get in their deadly 
work—and A DAMAGED, BURNED-OUT OR RUINED BEARING CRIPPLES A VITAL TOOL. 


Let NORMA-HOFFMANN engineers help you guard your bearings against FRICTION’S 
“‘saboteurs’’—dust, dirt, grit, moisture, poor lubricants, inadequate lubrication. Give 
each bearing periodic inspections—watch for unusual noise or heat— keep your bearings 
clean—use the lubricant best adapted to the duty involved. If possible, have replacement 
bearings at hand, * * * Our engineers are at your service, with 30-odd years of specialized 


experience in bearing application, operation and maintenance. 


To Win the War:—Work—Fight—Buy War Bonds 





NORMA-HOFFMANN BEARINGS CORP’N., STAMFORD, CONN... . FOUNDED 19! 
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A Fan-Cooled Worm 
Gear Speed Reducer 
1 .. the 


SPEEDAIRE 


7 


A new standard of worm 
gear performance! 

Latest development in Cleve- 
land’s 32-year program of 
worm gear betterment —the 
new Speedaire Fan - Cooled 
Reduction Unit—gives you 
more horsepower per dollar. 





Speedaire Units offer as much as twice the 
Capacity of standard worm gear units of 
equal frame size, when operated with 1750 
f.p.m. motors — because Speedaire is Fan- 
Cooled. Heat from the oil reservoir is dissi- 
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pated by an exhaust fan draw- 
ing a high-velocity air stream 
across the inner housing wall. 
Easily installed, Speedaire in- 
corporates the sturdy, rugged 
construction you associate 
with all Cleveland Units. 
Write for the new Speedaire Catalog. 
Complete with photographs, drawings, 
charts, engineering data—you’ll stay 
with it to the last page. 
Speed your postwar planning with Speed- 
aire. Investigate today. 


THE CLEVELAND WORM & GEAR CO., 3265 E. 80TH ST., CLEVELAND 4, OHIO 
In Canada: PEACOCK BROTHERS LIMITED 


"online! Skat 
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HRAPNELING of small gas cylinders such as 

used for oxygen and carbon dioxide on aircraft 
is prevented by winding the cylinders tightly with 
high-tensile steel wire so that a bullet leaves a clean 
hole without fragmentation. The method was de- 
veloped by Walter H. Kidde and Co. Untreated 
cylinders are apt to explode when hit by flak or 
bullets because of internal pressure. 


ONE COAT WHITE porcelain enamel applied 
direct to steel with ‘only one firing has been devel- 
oped by Pemco Corp. The process requires no 
special bond, pickling equipment nor special han- 
dling and the enamel can be fired at 1500 degrees 
Fahr., producing a brilliant opaque finish. 


MODULATING LIGHT consisting of a high- 
pressure mercury vapor lamp with associated con- 
trols has been developed by Hanovia Chemical and 
Mfg. Co. to provide a steady light source for print- 
ing sound track on film or where light intensity is 
desired to be automatically adjusted to various levels. 


GARAND RIFLE is equal to approximately 2% 
times the firing power of any other nation’s bolt- 
action rifle. 


CONTINUOUS HARDENING of steel bars by 
high-frequency induction heating is now on a com- 
mercial basis. Bars so hardened reveal improved 
machinability while heat-treatment costs are re- 
duced in most cases by 50 per cent, according to 
The Ohio Crankshaft Co. 


SHOOTING MORE LEAD more accurately at a 
more distant target than any other plane ever built 
the B-29 gunfire system enables the plane to fly 

















through enemy _ planes 

without fighter escort. This is 

made possible through new power 

turrets and multiple-gun installations 

with computing sights which automatically 

correct for various factors such as wind and 

plane velocity while putting the sight direct on the 

target. In a matter of seconds most of the arma- 

ment can be swung about to concentrate terrific fire 
on one spot. 













MORE THAN FOUR BILLION feet of insulated ~ 
wire, an essential of front-line communications, has 
been manufactured by U. S. Rubber Co. In pro 
duction diamond dies reduce the wire to desired” 
size before it is run through a tinning process which 
protects it against corrosion from the latex outer in- 
sulation. Spark tests detect any imperfections in 
the product. 












AIRCRAFT, engines and _ propellers manufac 
tured by Curtiss-Wright during 1943 cost $1,295; 
236,317, an increase of 68 per cent over 1942 pro 
duction. This is the first time that any. aircraft fim 
has exceeded a billion-dollar shipment in one yeat” 
and the amount equals 15 per cent of the industry’ 
total dollar output. BG 
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SYNTHETIC RESIN has been developed by” 
Westinghouse to replace scarce shellac and it is be 
lieved that it will also replace mica for many appli- 
cations. A one-inch bar of the synthetic would a 
port a 40-ton load. ; 


ee 









OSE 
Pe FRO 


% 






ee 


RUST PREVENTATIVES which are actually” 
metal cleaning solvents provide rust-inhibited su 
faces for 30 days or more. A dip method developed 
by Colonial Alloys Co., the films protect threaded 
parts, joints, interstices and crevices. 

















SYNTHETIC RUBBER for the thirty bullet-seah 
ing fuel tanks of the Boeing B-29 involves 
two tons of the material. Although the total w 
of rubber in this plane is nearly 2% tons, the tires 
and tubes have been redesigned to weigh less than 
600 pounds and are the lightest per pound of 
in any plane. 
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Fig 1 — Vibrograph held 


Noise— 
Causes 


and Cures 


ichael 
By Colin Carmic 


Part I—Measurement 


CCOMPANYING the violence of 

modern warfare the amount of 

vibration and noise which the 
human system must endure probably is 
reaching an all-time high. The serious- 
ness of the physical effects of vibration 
and noise will, as never before, be 
brought to attention by the permanent 
injuries, such as deafness, which a large 
number of our returning soldiers will 
suffer. In the postwar world smooth- 
ness and quietness in machines will be 
demanded and in many cases may be 
the deciding factor in the user's mind 


nea a part of when considering competitive equipment. New lightweight designs will be particular- 
ine traces a record of ibrati careful development to avoid objec- 
the vibration on a celluloid ly susceptible to vibration and will need the most careful developm i j 


tibbon forsubsequentanalysis 
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The present series of articles, of which this is the first, 
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Fundamental 


Resultant 


3rd Harmonic 


is a practical discussion of how vibration and noise can be 
tracked down and eliminated or at least reduced to satis- 
factorily low levels. Because of their complex nature, 
many types of vibration cannot be wholly anticipated in 
design and it often is necessary to modify the design or 
apply special parts or materials during the development 
of experimental models. In this work the assistance of 
suitable instruments is an invaluable aid. Inasmuch as 
several types of equipment are available, it is important 
for the design or development engineer to know what 
particular characteristics best meet the needs of his prob- 
lems. With this in mind, the introductory article is con- 
cerned primarily with the nature of vibration and sound 
and with available measuring and analyzing equipment. 


Nature of Vibration, Sound and Noise 


Vibration means, in general, a periodic motion, although 
the term ordinarily is applied in a more restricted sense 
to the motion of solids. Vibrations transmitted to the air 
become sound, and noise is undesired sound. Typical of 
the nature of vibration is the series of curves shown in 
Fig. 2. Ordinates may denote displacement of particles, 
air pressure, velocity, acceleration, or any of several other 
measurements associated with vibration. It-will be noted 
that the curve marked “resultant” has a complex shape 
which repeats itself and therefore is called periodic. Ac- 
tually it is the resultant of two simple harmonic motions 
one of which, called the fundamental, repeats with a fre- 
quency equal to that of the resultant, while the other, 
called the third harmonic, repeats with a frequency three 
times that of the fundamental. Some instruments indi- 
cate or record the exact shape of the resultant curve, some 
indicate the effective height of the resultant while others 
indicate the effective heights and frequencies of the sep- 
arate components. 

Actual vibration or sound waves are much more com- 
plex than the simple example illustrated, and may con- 
tain a large number of harmonics or “overtones”. Sound 
waves which are of this type are called “pitched sound” 
because definite pitch (the term used to denote the effect 
of sound frequency on the ear) can be recognized. Hum 











Fig. 2—Left—How gq comp 
vibration (resultant) is Compo : 
of simple harmonic motins 
(fundamental and _ third 
monic) added together [vi 
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Fig. 3—Right—Sound 
level is measured on 
the decibel scale 
which is pictured here 
in terms of familiar 
noise sources 
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Fig. 4—Sound-level meter may be used with microphoe 
attached to cabinet as shown, or remote from mic 
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whine in a machine is an example of pitched sound. 
rhe distinguishing characteristic is that the sound waves 
in analysis are found to contain only certain definite fre- 
iyencies Which bear simple ratios to the fundamental. 
» “unpitched sound” such as clatter and din no definite 
sical tone is recognizable because many frequencies 
slated to each other are present. 


How the Ear Responds to Various Frequencies 


Sound frequency, as previously noted, is perceptible 
othe ear asa tone. On a piano the frequency of the low- 
ast tone is 27.5 cycles per second while that of the highest 
is 4186 cycles per second, this representing approximately 
the range in which the ear is most sensitive. Sounds of 
considerably higher frequency are de- 
tected by the average ear usually as 


tensity. It is not, however, capable of assigning as ac- 
curate a value to sound intensity as it can to frequency; 
hence the need for an instrument capable of furnishing 
objective measurements. Sound intensity is proportional 
to the power in a sound wave at any point, and usually is 
measured in watts per square centimeter. Because of 
the approximately logarithmic nature of the ear’s response 
to sounds of different intensities, practical measurements 
of sound intensity are reported in terms of sound-intensity 
level, in decibels. By definition, sound level in decibels 
is ten times the logarithm (to the base 10) of the ratio of 
the sound intensity to a reference intensity. The Ameri- 
can Standard reference intensity is 10-*° watts per square 
centimeter, which is less than a billionth of a billionth of 
a horsepower per square inch, and is perceptible only to 











harmonics or overtones rather than as 
fundamental tones. These overtones are 
perceived by the listener through the 


IUDNESS LEVEL 
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quality of the sound and tell him 
whether the tone is emitted by a violin, 
an air-raid siren, a high-speed machine, 
or some other recognizable sound source. 

In addition to perceiving sound fre- 
quency, the ear is sensitive to sound in- 


Fig. 5—Right—Curves of equal loudness 
level as perceived by the, average ear 
are incorporated in A.S.A. standards 


. 




















Fig. 6 — Below — Fréquency-response 
curves used in sound-level meters approx- 
imate the ear's response at 40 decibels 
sound level (curve A) and 70 decibels 
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FREQUENCY IN CYCLES 








sound level (curve B). Curves, including 
tolerances denoted by dotted lines, are 
standardized by the A.S.A. 
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the most acute hearing. The decibel scale, in terms of 
familiar sounds, is graphically illustrated in Fig. 3. 
Inasmuch as sound is the effect of pressure variations in 
the air, the decibel scale may also be expressed in terms 
of pressure. Sound intensity is proportional to the square 
of pressure, hence the sound-pressure level, in decibels, 
is twenty times the log (to the base 10) of the ratio of 
effective pressure to the reference pressure. Thus, 


; I P 
Decibels=10 logiw—= 20 logiwm— ..............0..05. ( 
In Py 


where I denotes intensity and P denotes pressure. The 
reference pressure, Po, corresponding to zero on the dec- 
ibel scale, is .0002 dynes per square centimeter, which is 
2.9 billionths of a pound per square inch. If it were pos- 
sible to produce sound waves of such violence that the 
fluctuations went from zero (a perfect vacuum) to twice 
atmospheric, the corresponding intensity level would be 
approximately 190 decibels, which therefore represents 
the upper limit of the scale. The intensity then would be 
nearly nine horsepower per square inch. 

Sound level may be measured with the aid of a sound- 
level meter, Fig. 4, which includes a microphone to pick 
up the sound waves, an amplifier to magnify the output 
of the microphone, and an indicator showing the decibel 
reading at the point where the microphone is located. 
Such an instrument may be made to respond equally to 
sounds of all intensity levels within the audible range, 
but the resultant scale reading would not as a rule repre- 
sent accurately the noise level as judged by the average 
person. This is because the ear’s response to sounds of 
various frequency is not uniform, but varies as shown in 
Fig. 5. Each curve on this chart represents constant 
loudness as judged by the average observer. The unit 
of loudness, known as the phon, is equivalent to the dec- 
ibel for sounds with a frequency of 1000 cycles per second. 
For example, Fig. 5 shows that a 60-decibel sound at 


Fig. 7—Below—Sound-level meter is shown in use for 
measuring noise emanating from a steam-turbine generator 





where I, = intensity ot noise to be measured, I, = 
bined intensities due to machine and background, 


Equation 2, 












100 cycles per second seems no louder than a 40-decs wh 
sound at 1000 cycles per second. Because of this 3) In 
acteristic of the human ear, sound-level meters are mg 
vided with a choice of weighting networks which cay im 1° 
employed to approximate the ear’s response at Vation 
sound levels. For very high intensity levels, it iS apne 
ent from Fig. 4 that the response of the ear is comp: 
tively uniform; hence for sounds in this Tange a netyy 
giving a flat response is used. For other levels Satistag 
tory results are obtained by using either of two gi 


networks, which approximate the ear’s response a ye 
decibels and 70 decibels respectively. Commercial som 5 
level meters are provided with these networks, in agg 


ance with the American Standard curves shown in Fig. 
as well as the flat response. te 

When making noise observations on machines whid 
are too large to be placed in a sound-proof room, as in Fig 
7, the question of background noise crops up. Of the der 
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Fig. 8—Simplified noise analyzers of this type are en 
ployed for determining the magnitude and general ir. 
quency composition of a wide variety of noises 






























ibel reading on the scale, how much is due to the machine 
and how much to noises that would be present anyway! 
Two readings at the same location, one with the machine 
running and one with it stopped, will of course supply te§ 
answer, but because of the logarithmic nature of the 
decibel scale the subtraction cannot be performed directly. 
The calculations may be understood from Equation 1 
which may be rewritten 






d ) 





where d = the sound level in decibels. Since the intesst 
ties, I, can be subtracted or added directly, it is possible 
to write 






and |, 


— intensity of background noise. Substituting values 


‘ da , d, r dy er 
antilo Jo = antilos oe antilog > 
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which may be used to determine the required value d,. 






la , 
- of a In practice the correction for background noise is unnec- 
eters arp pf essary if the two readings d, and d, differ by more’ than 
Which cap im 10 decibels. 
Se at yay,q A modification of Equation 4 may also be used to deter- 
5 it is apnall mine the resultant sound level due to two or more sources 
r is compel of equal or unequal intensity. In applying the decibel 
Ze a netypi— scale it is important to keep in mind that a sound which 
vels satis dm is 10 decibels higher than another actually has ten times 
of two oii the intensity, while an increase of 3 decibels represents 
POnse at yg double the intensity or sound power. If the noise from a 
ercial soma single machine, for example, measures 75 decibels sound 
S, in accorift level at a certain point, that from two such machines at 
vn in Fig qj the same distance would be 78 decibels and that from 
ten would measure 85 decibels. Again, as the distance 
shines whol ftom a noise source changes, the sound intensity varies 
m, as in Fig inversely as the square of the distance; hence if the dis- 
Of the de tance is doubled the decibel reading decreases about 6 


























decibels. These and other factors such as the influence 
of walls and surroundings in reflecting sound are impor- 
fant considerations in using sound-level meters. 

While the sound-level meter is invaluable in determin- 
ing whether a satistactory degree of quietness has been 
attained, and is much more sensitive to slight changes 
than is the ear, the information which it furnishes must in 
many cases be supplemented by that from an analyzer, 
Fig. 8, if the source of the disturbance is to be found. 

The noise from a complex machine or mechanism may 
come from many sources, such as loose parts, impacts, gas 
or liquid pressure fluctuation, etc. Location of the most 
objectionable disturbances often is a highly elusive prob- 
lem. A sound analyzer furnishes exact information con- 
cerning the frequencies and sound levels of all important 
noises emanating from a machine. Whereas the sound- 


e@ are en- 
eneral ite. 


noises 


e machine 
t anyway’ 
e machine 
supply the 
re of the l 
J directly 


uation |, 


ld) 


= 9—Vibration pickups include the displacement type, 
oreground, and the inertia or acceleration type, back 


level meter indicates merely the effective pressure of the 
0) resultant wave, Fig. 2, the sound analyzer tells the fre- 

quency and amplitude of each of the component waves, 
ss such as the fundamental and third harmonic illustrated. 
Inasmuch as the frequencies of certain motions in the ma- 
chine are functions of its speed, they are known and—if 
guilty—reveal themselves in the analyzer just ‘as surely as 
@ fingerprint incriminates a thief or murderer. 
@ oh dais and applying noise analyzers an important 
ee eration is the width of the frequency band, or sharp- 
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Fig. 10—Vibration-velocity pickup, shown touching turbine 
blade, combines with vibration meter to reveal vibration 
characteristics of assembly under artificial vibration 


ness of tuning. It will readily be understood that razor 
sharpness in tuning to a particular frequency is neither 
possible nor desirable, and in practice the analyzer at any 
setting indicates the total intensity level of all sounds hav- 
ing frequencies within a certain band. For example, if 
the width of band at 100 cycles per second is 10 cycles, 
all frequencies between 95 and 105 will be included. 
When measuring machine noises which do not stay 
exactly on pitch and which contain a fair percentage of 
unpitched sound, it will be recognized that a relatively 
wide band is highly desirable. Noise analyzers with wide 
band-pass characteristics for the purpose described are so 
designed that the band width is a constant percentage of 
the frequency being analyzed. In analyzers of this type, 
an example of which is shown in Fig. 8, selection of any 
one of a number of bands is made by operation of a mul- 
tiple pushbutton switch, the ratio of frequencies at the 
upper and lower ends of each band being approximately 
two to one. For each band the sound level is indicated in 
decibels. In addition to serving as an analyzer this type 
of instrument also can be used as a sound-level meter, in 
which case the band width is, in effect, the whole range 
of audible frequencies. Appropriate weighting networks 
(Fig. 6) are used, depending upon the sound !evel. 


When Sharp Tuning Is Desired 


For extremely accurate analysis (narrow band width), 
as is desired in certain types of machines where noise out- 
put consists primarily of pitched sound of unvarying fre- 
quency, heterodyne instruments are available. In these 
the band width is constant at all frequencies; hence the 
tuning at high frequencies is extremely sharp. For ex- 
ample, a band width of 5 cycles, which is standard in 
some instruments, is only one-twentieth of one per cent 
of the upper frequency of 10,000 cycles per second. This 
type of analyzer also can be supplied with built-in filters 
giving a selection of wider bands such as 20, 50 or 200 
cycles. Unlike the wide band pass analyzer, the narrow 
band analyzer has virtually stepless change, hence is used 
somewhat differently. By continuously varying the fre- 
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quency setting the entire range can be scanned rapidly 
and the loudest components noted, after which accurate 
tuning and measurement of each can be made. If the 
complete sound spectrum is desired, a recording unit 
which traces a record of the decibels at each frequency 
may be employed. 

Vibration measurément and analysis follow the same 
general principles as in the case of sound. Chief differ- 
ences lie in the lower frequencies involved, in the substi- 
tution of a vibration pickup for the microphone, and in 
the need for obtaining results in terms of displacement, 











Fig. 11—Above—Vibration meter, left, working in con- 
junction with analyzer shown at right sorts out the various 
harmonics in a complex vibration 


Fig. 12—Below—Amplifier unit, left, and direct-inking 
oscillograph, right, when used with the appropriate pickup 
furnish a record of the shape of a vibration wave 








This last 
point is an important one, and to explain it requires a 


velocity or acceleration instead of decibels. 


brief excursion into the realm of mathematics. As an 
example, the resultant curve in Fig. 2 may be assumed to 
represent the displacement of a vibration, that is to say, 
the actual movement of the vibrating part. Then at any 


time t the displacement is the sum of the displacements . 


of the fundamental and third harmonic, which may be 
written 


x= A; sin wtt+As sin But ... 0... eee (5) 





where A, and Ag are, respectively, the amplitudes of 
fundamental and third harmonics, and 4 is the fr ng 
in radians per second, which is equal to Qnf, f 
frequency in cycles per second. 
Velocity of the vibrating motion is found by diff 
tiating with respect to time: eis 


Cquenc 
being the 


V=wA, cos wt+3wA; cos 3ut............... 


and acceleration results from a second differentiation: 


a=—w°A, sin wt—9w°A; sin 30t.............. (7 

Comparison of Equations 5, 6 and 7 shows that th 
wave shapes of the x, v and a curves are different, the ye 
locity curve having a third harmonic three times that ¢ 
the displacement curve, and the acceleration one of nine 
times. Higher harmonics, of course, are even more exag 
gerated in the velocity and acceleration curves. Vibr. 
tion measurement and analysis equipment may be made 
to respond to displacement, velocity or acceleration, 
Which of these is used naturally will vitally affect th 
readings either of the vibration meter or of the analyzer 

A vibration meter suitable for all but the extremely Joy 
frequencies must be capable of furnishing a steady read. 
ing of a fluctuating quantity. Inasmuch as the vibratio 
varies periodically from plus to minus its average is zero, 
hence the measuring equipment must include means for 
converting to all positive values. This is done by squa-§ © 
ing the ordinates of the periodic curve in Fig. 2. By tak-§ t 
ing the square root of the average reading so obtained, c 
the effective value called the root-mean-square (rms), if | 
determined. For a simple harmonic wave this value iff . 
equal to the amplitude divided by the square root of two. 
for example, A, /\/2. Vibration-meter readings of effec 
tive displacement for the resultant wave, Fig. 2, therefore 


~~ 


-_ &s &» FS sll lUC<i Mh |)/.lCUr 


oe 2, 


would be 
s 

I esas tates 
Xrms@=—V A?>+ A? seo : was on bcs se C 
V2 ( 
I 


while the corresponding velocity and acceleration values 
would be 


~y 


Comparison of these three values indicates the degree’ 
difference to be expected with the three types of 
ment. -s 
Vibration pickups are designed to respond to displ 
ment, to velocity or to acceleration. Those illustrated 7 
Fig. 9 respond to displacement and acceleration ‘ 
the one in Fig. 10 responds to velocity. Vibration eS 
and analyzers are provided with integrating circuits * 
that displacement and _ velocity measurements may™ 
made with an acceleration pickup, for example. _ 
entiating circuits permit the use of a velocity PICS 

(Concluded on Page 176) 
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pe oMINUM cooling fins 


on steel aircraft cylinders as 
shown at right provide almost twice the 
cooling area formerly obtained from 
machined fins cut from the barrel itself. 
Permitting the use of greater horse- 
power output as well as saving one 
pound of weight per cylinder, the fins 
ae produced by folding sheet alu- 
minum into an exaggerated W-shape 
with the outside legs one inch long and 
the center portion one-eighth-inch high. 
Strips are cut to size, shaped into semi- 
circles and snapped into shallow dove- 
tail grooves cut into the barrel. A spe- 
cial tool then rolls over the short center 
legs into the grooves, wedging the out- 
side legs against the groove walls. This 
nolds the fins firmly in place and pro- 
vides a broad contact area through 
which heat can pass from the cylinder 
to the fins. These aluminum fins de- 
signed by Wright Aeronautical in co- 
operation with Scandia Manufacturing 
Co., can be made to almost any desired 
height but the steel fins had virtually 
reached their maximum depth (5-inch) 
to which they could be cut in quantity 
production. 























Torque pulsations of internal combustion en- 
gines are simulated by Pesco Products Co. in testing 
hydraulic pumps in their laboratory as shown in the 
photograph at left. In this setup a universal joint is ad- 
justed angularly to produce torsional pulsations such 
as found on an aircraft-engine drive. Solenoid valves 
and electric timers permit operation at high or low 
pressures in conformance with test specifications. 
Speed variations are obtained through variable cone 
pulleys connected by a wood-block belt, giving a large 
number of speeds at a rapid rate with fine adjustment. 
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Masking devices for plating or Pain: 
ing as shown at left are molded rubber ¢ 
synthetic. They may be reused repeated): 
thus conserving time in masking and shi 
ping as well as obviating the tedious task ¢ 
cleaning which is associated with othe 
methods. Developed by Duggan Maskin 
Devices these masks, designed to be liquid 
tight, can be cleaned readily in q solven| 
They may also be used in dipping or sprayin 
operations. 








Self - aligning 
bushings which cor- 
rect for end play, off- 
set or misalignment 
through a specially de- 
signed linkage system, 
transfer push-pull cable 

Electronic sorting device, below operation into angular motion. This link- 

right, separates oversize and under- age design, shown at right, is capable of 
size assemblies from those that are operation through an arc of 180 degrees. 
within proper tolerances. These as- Designed by. Simmonds Aerocessories 
semblies are fed onto a slide as shown. Inc. the unit is completely enclosed. 
About halfway down the slide the 
assembly comes to a contact point 
located at a preset height. If the 
part is oversize it touches the 
point and closes the grid circuit 
of an electronic tube, energizing 
an electromagnetic relay. This ac- 
tuates a solenoid and sends the 
part down a chute into a con- 
tainer for oversize parts. A short 
distance beyond the first contact 
point a second contact is set at 
standard height less tolerance. 
Parts touching this point are de- 
livered into another container as 
acceptable. Those which are un- 
dersize pass undisturbed into a 
third tray. Designed by General 
Electric, this sorting unit replaces 
tedious hand inspection -with a 
needle micrometer. 
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Why the Patent Courts Should Be 


Synchronized 









By George V. Woodling 










YNCHRONISM in a machine keeps all the working 

parts operating in harmony. Without perfect unison, 

trouble would occur in the overall operation and to effect 

uniform action the parts are geared or otherwise tied together 
by a common linkage. 

Synchronizing the federal courts which try our patent cases 

is no less important that synchronizing a machine. Trouble 

occurs when courts render conflicting opinions, with resulting 

=mstaicl= confusion which reduces the overall efficiency of the patent 

ee ea system. To establish uniform decisions, all the courts must be 

geared together by a linkage based upon a standard measure- 

ment for patentable invention. Thus, for example, the decision 
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np. DISTRICT 

Bisthict 2d Ati tittnty of a patent suit in California should be the same as that in a 
SS SSS, suit upon the same patent in New York. 

MUTT Fi In this article it is explained how the United States is 
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divided into independent judicial regions or circuits. Further, 






Fig. 2—Left—How the sixth federal circuit is subdivided into 
districts each having a court with one or more judges 
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it is shown how the synchronizing of these federal courts 
would more effectively strengthen our patent system than 
would the establishment of the proposed single court of 
patent appeals. 

Our country, excluding the District of Columbia, is 
divided into ten federal circuits, Fig. 1. Each circuit has 
a separate court of appeals of three or more judges, three 
sitting in each case. As an example, for the sixth circuit, 
embracing the states of Ohio, Michigan, Tennessee, and 
Kentucky, the court of appeals is located at Cincinnati. 
Each circuit in turn is subdivided into districts, as in Fig 
2, which shows the subdivision of districts for the sixth 
circuit. Each district has a court with one or more judges. 
The district court located in Cleveland, which takes in the 
northern part of Ohio, has three district federal judges 
who sit singly. A party losing his case in the district 
court at Cleveland may appeal his case to the court of 
appeals for the sixth circuit at Cincinnati. The party 
losing in the circuit court of appeals may, in some cases, 
carry his case to the Supreme Court of the United States, 
as explained later. 

A patent infringement suit is first instituted in a district 
court. The infringer may be sued either in the federal 
district of residence (if an individual) or of incorporation 
(if a corporation) or in the federal district in which the 
infringer has a regular and established place of business 
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CIRCUITS OF THE U.S. 
Fig. 3—Differences in the attitude toward patents found 
in the various circuits are revealed in this chart, which 
is based on records of a three-year period 
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and in which an act of infringement has occurred. Fo 
example, a corporation may be incorporated under the 
laws of New York and may be sued in the federal court 
located in Cleveland if the corporation has a regular and 
established place of business and is committing an act of 
infringement in the northern part of the state of Ohio, 





Each Circuit Is Like a Separate Country 


The ten circuit courts of appeals have final jurisdictioy 
of patent cases and each circuit may act independently of 
each other upon the same patent. The several circuits 
are like separate judicial states or countries and the cour 
of appeals for each circuit is supreme in its own circuit, per | 
Because of the independent operation of each circuit, the | 49 
owner of a patent may bring a first suit against the X-cor. § 
poration in one circuit and a second suit on the same 
patent against the Y-corporation in another circuit, [y 
the first suit the court of appeals for that circuit may hold 
the patent valid and infringed, while in the second suit 
the court of appeals for that circuit may hold the opposite. 

Under the present system, where there are two or more 
conflicting decisions on the same patent from different 








circuits, the case may be taken to the Supreme Court for 
a final determination. In taking the case to the Supreme 
Court, the aggrieved party petitions the court for a writ 
of certiorari (review) and the court in its discretion may 
require the circuit court of appeals to send the case up 
for review. Such review is not a neatter of right but of 
sound judicial discretion, and will be granted only where plla 
there are special and important reasons therefor. One of oth 
the controlling reasons is to settle conflicts between the be 
several circuits. Where patent infringement exists in only ” 
a single circuit, and the patent owner does not have any- a 
one else to sue in another circuit, a conflict between two he 
or more circuits cannot arise with respect to the patent ; 
in question. In these cases the circuit court of appeals pi 
in which the suit is brought is the final court, unless the F 
patent is so important as to involve a great public interest, a 
when the Supreme Court may review the case ome : 
though there is no conflict between two or more circuit sa 
courts of appeals. al 
U. S. Supreme Court Seldom Handles Patents a 
Under this system of operation, the number of patent be 
cases tried by the Supreme Court is extremely low. Ac 
tual figures show that the Supreme Court, on the average, 
handles less than three patent cases a year. This mean 
that the bulk of such cases are disposed of in the ten cit 
cuits, and in effect the ten circuit courts of appeals be- 
come ten separate supreme courts for patents. With tee 
such unsynchronized courts the lack of uniformity is 
bound to result. In patent cases, this is more critical 
than in other cases which involve only general law mat- 

* ters, because in patent cases the judges must deal both 
with law and engineering. It is common knowledge that 
most judges have considerable difficulty with engineering 
technical facts. 

One of the strongest measures which has been discussed 
and recommended for legislative action to improve 
administration of uniform justice for patent cases 
establishment of a single court of patent appeals. It has Ks 





been suggested that this court would have exclusive a> 
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where § Mllate jurisdiction to review by appeal the final decisions peals is that while the judges of such a court would be 


Ine of of the district courts of the United States. In other words 
on the | Me Single court of patent appeals, so far as patent cases 
n only § “@ Concerned, would take the place of the ten separate 
__ | cieuit courts. A decision rendered by this court would 


e any- 
n two | Md throughout the entire United States. This is one of 
patent the strongest arguments in favor of the single court. An- 
npeals other argument is that the judges would be selected on 


ss the | te basis of both engineering and legal ability, most of 
teen them, probably, from the patent profession. In addition 
to the judges, the court would have scientific advisers who 


even 
‘ircuit 4 “Ud devote their full time to the court. Under the 
present system the judges in the several federal courts 
we faced with making patent decisions notwithstanding 
; their lack of training in engineering matters. The fol- 


lowing quotation taken from a patent decision is illustra- 
vatent & ‘ve of this point: 





_ Ac ‘I cannot stop without calling attention to the ex- 
Tage, traordinary condition of the law which makes it pos- 
neans sible for a man without any knowledge of even the 
n cif- rudiments of chemistry to pass upon such questions 
5 be- as these. The inordinate expense of time is the least 
h ten of the resulting evils, for only a trained chemist is 
ty is really capable of passing upon such facts, e.g., in this 
itical cue, the chemical character of Von Furth’s so-called 
mat re compound’, or the presence of inactive organic 
both substances : 
set How long we shall continue to blunder along with- 
; out the aid of unpartisan and authoritative scientific 
ring assistance in the administration of justice, no one 
knows; but all fair persons not conventionalized by . 
ssed Provincial legal habits of mind ought, I should think, 
the to unite to effect some such advance”. 


= The foregoing quotation was made in 1911. One rea- 
gd nothing has been done by way of new legisla- 
i to establish the proposed single court of patent ap- 
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well qualified to understand engineering, it is feared that 
they would become too technical and narrow and lose 
sight of the legal aspect of the cases. It is a question 
whether it is better to have judges who are strong in law 
but weak in engineering as under the present system, or 
who are weak in law and strong in engineering as might 
be the case under the proposed single court of patent 
appeals. If it were certain that the judges would not 
acquire an over-technical attitude, but keep a well-bal- 
anced mind between law and engineering, then the court 
would be an excellent answer to the needed change in 
our patent system. Ideal as a single patent court might 
seem, however, there apparently is a feeling among legis- 
lators and others that judges should not be specialists in 
the sense of being expert engineers. It is argued that 
judges should keep tuned to the growth of general law 
lest they forget that patent law is law at all. Should the 
proposed single patent court develop into a narrow-mind- 
ed tribunal, its effect upon the patent system would be 
no less damaging than that of a bureaucratic institution 
where power is concentrated. 


System Compared with Principle of States Rights 


Accordingly the distribution of patent cases to the ten 
circuits, as under the present system, safeguards our dem- 
ocratic principle of operation and may be likened to the 
principle of states rights. Should one circuit become hos- 
tile to patents, there always is the possibility that the 
patent owner may obtain service for starting his law suit 
in another circuit which is more favorable. Fig. 3 shows, 
for a three-year period, the percentages of patent cases 
lost by. the patentee in the ten circuits. When the pat- 
entee loses, the court may hold the patent invalid, not. 
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infringed, or both, and the chart is made up on this basis. 
The points on the full line curve show the percentage of 
patents lost in the circuit courts of appeals, the points on 
the dotted line curve showing the percentage lost in the 
district courts. It can be seen that the average lost in 
the circuit courts of appeals is approximately 82 per cent 
and in the district courts approximately 68 per cent. In 
other words, the average chance of a patentee winning 
upon his patent in the circuit courts of appeals is 18 per 
cent and in the district courts is 32 per cent. In the 
Supreme Court the percentage of patents lost is still higher 
than in the circuit courts of appeals. 


Odds Are Against Patentee in Some Courts 


The chart of Fig. 4 shows the disposition of patents in- 
volved in cases tried by the district juages for the 7th 
circuit, over a period of three years. In these charts the 
patents actually were tried and large sums of money 
were spent. Patents which were settled between the 
lawyers are not included. In the minds of the opposing 
patent attorneys who tried these cases, each side being 
equally confident of prevailing over the other, there exist- 
ed a 50-50 chance of proving or disproving the invalidity 
or noninfringement of the patents. Referring to Fig. 4, 
Judge D decided cases involving 85 patents. _ The 
plaintiffs lost 67 and won 18, making a “lost” percent- 
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Fig. 5—Of the ten circuits, four had cases involving 653 
patents while the remaining six handled only 219 such 
cases, within a period of three years 


age of 78. The remaining nine judges decided cases in- 
volving 40 patents. In these cases the plaintiffs lost 25 
and won 15, making a “lost” percentage of 62.5 which is 
somewhat closer to the 50-50 estimate in the minds of the 
patent attorneys. Judge D in effect constitutes a single 
court by himself. 
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Most of the patents are tried in the 2nd, 3rd, 6th ; 
7th circuits, as Fig. 5 shows. These four circuits, ingly 
ing both the circuit courts of appeals and the dis 
courts, had cases involving 653 patents in a period 4 
three years, whereas the six remaining circuits had cas 
involving 219 patents. 4 

When a patent is issued by the Patent Office, it is op 
sumed to be valid and the burden is on the defendant § 
prove that the patent is invalid. This presumption Crows 
out of the fact that the Patent Office has made a thorop 
examination of all the prior art patents and found th 
the claims in the application covering the new device 
possess patentable invention. Of the applications filed 
in the Patent Office, records show that in the neighbor. 
hood of 30 to 40 per cent are rejected or become aban. 
doned. Thus the Patent Office weeds out approximately 
one-third of all the applications filed. When the patent 
is later sued on in court, the trial judge is again called # 
upon to determine if the claims covering the new device 
define patentable invention. In other words, the tral ie 
judge must review the same question that the Patent 
Office previously passed upon, the trial judge, however, : 
taking into account any additional prior patents which 


the defendant might have presented to the court as hay-# 


ing a particular bearing upon the question of patentable uf 
invention. “h 


Why Trial Judges Tend To Favor Defendant 


In making his decision, the trial judge is not unmind §” 
ful of the possibility of being reversed by the circuit cout #7 
of appeals, inasmuch as the judges there hold more strong- § © 
ly against the patentee ‘than the district judges, as show § ~ 
in Fig. 3. In other words, the trial judge finds himsel #7 
between two opposing factors, namely, the presumption 
that the patent is valid as issued by the Patent Office, #7 
and the recognition that the circuit court of appeals wil 
likely reverse him if he should hold the patent valid. No 
trial judge likes to be repeatedly reversed. Accordingly, 
at the outset of the trial the judge is caused to lean 
the side of holding the patent invalid, although secrelly 
he might prefer to uphold the patent. As a consequence, 
the presumption of validity means nothing, and the de 
fendant is relieved of his burden to prove invalidity. In 
fact, some district judges fear the appellate courts % 
much that they even place the burden on the patentee 
prove patentable invention. The following conversation 
taken from a court transcript between the judge and @ 
patent attorney, illustrates the predicament in which mos 
trial judges find themselves: 


Tue Court: When the disposition against all mo- 
nopoly is evidenced in the destruction even of the 
monopoly granted by the Government, the so-called 
presumption of validity is not a very weighty presumP 
tion; and though the burden is upon a defendant i 
respect to a prior use to establish such prior use 
clear and convincing evidence—some of the old cases 
go so far as to say beyond a reasonable doubt—the 
burden is still on the defendant; and, likewise, the bur- 
den is on the defendant in respect to a defense of 
of novelty or lack of operativeness, that is to say; 8 
utility. 
But when you come to the matter of invention, 
(Concluded on Page 172) 
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Fig. 1—An aid to production, 
Photographs of perspective 
drawings enable the worker to 
visualize each step from be- 
ginning to final assembly 
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OSSIBILITIES for use of photographs in the engineering department usually 

the are overlooked or discarded as being too involved, too exacting or too limited to 
alled By John W. Greve be practical. There are, however, many ways in which photography can be 
mp- applied to conserve both drafting time and assembly time. Assembly time particu- 
t in larly can be saved through the easily understandable medium of photographs for 
> by training shop personnel which often is unaccustomed to line drawings. Because of 
present conditions involving rapid turnover of employees, teaching them to read line 
drawings is impracticable. Instead photographs of assemblies or photographs of 
lack perspective or pictorial drawings are finding widespread use. 

When perspectives are required and models are available, photographs may be 
utilized, obviating the preparation of expensive perspective drawings. Even when 
drawings are desired because of the inability of photographs to show the proper 
view or internal parts, photographs of the assembled parts are of distinct help in 
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Fig. 2 — Right — Combination 
rendering and _ retouching 
shows assembly and opera- 
tional details. Cutaway parts 
are rendered, balance of il- 
lustration is a retouched photo 
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Fig. 3—Below—Exploded per- 
spective is a rendering of 
carbon pencil on tissue 





assisting—in this case—-the draftsman. 

The familiar type of illustrations used in automotive in- 
struction books has been applied with improved techniques 
particularly by the Ordnance Department for preparing mainte- 
nance manuals. The same types of photography and art work 
have tremendous possibilities in preparing assembly instruc- 
tions for the shop and are being employed to advantage by a 
number of companies, especially in the aircraft industry, Fig. 1. 

Because photographs show only the exterior from one view- 
point, means must be found to circumvent this handicap. If 
the parts are too complicated to show the necessary details from 
a judicious selection of perspective the desired effects may be 
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achieved by superimposing photographs, combip- 
ing a photograph with a drawing, Fig. 2, use of ey 
ploded views, Fig. 3, or other expedients to effect 
the proper illustration. 

In the use of photography it is always of primary 
importance to obtain a good quality illustration 
proper attention being paid to lighting detail, cor 
trast, perspective, separation of planes, separation 





of tones, proper background, elimination of ime- # 


evant matter, etc. The time and money saved by 
proper attention to details at the time of taking 
photographs usually repays a hundredfold in time 
saved and in reduced retouching cost. Poor photo- 
graphs are always expensive. As to retouching, it 
should always be handled to retain the photographic 
qualities as well as proper appearance of material 
and finishes, Fig. 4. Planes should be handled in 
such a way as to give distinct variation. 


Painted Parts Accent Photos 


Photographing new machine parts usually pr 
duces excellent details when proper attention is paid 
to the primary rules of photography. Painting the 
assemblies which are desired to be illustrated often 
proves advantageous. In this connection excellent 
results are obtained by using a light battleship gry 
without any varnish so that no lustrous highlights 
are photographed to obscure detail. Proper photo- 
graphic exposure is made for the part so painted s0 
that the other parts show in relation but in subdued 
tones. For example, to illustrate a spring mounted 
in a chassis, the spring could be painted to subdue 
the frame in the photograph, giving much the same 
effect as the rendering in Fig. 5. Often it is desit- 
able to show other parts in secondary relation to the 
primary part but not as subdued as the overall - 
line. In such cases darker tones of battleship = 
are employed, being careful again to use 4 pain 
without luster. 


st, 1944 


MACHINE DersicN—Augu 











S- =| co 


— oon ee Ca 








As in mechanical drawings, photographs are best when 


melt , minimem amount of detail, consistent with portraying 
N ROD Picoult the desired intormation, is shown. In this respect several 

aphs, each depicting one specific element, produce 
i, qperior results to one wherein many confusing details 
WER ye shown. A further advantage is that parts may be re- 


noved in subsequent photographs of a series to show the 
gerational relation of the assembly desired. 

Phantom views usually offer the best possibilities for 
sowing relation of operating parts in a machine, limit of 
notion relative to a housing or enclusure, etc. For in- 
tance, limiting movements of a part can be shown in 
phantom—the neutral position having full exposure and 
the limiting position half exposure. In this connection in- 
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r photo-§ Fig. 4—Retouching retains photographic quality 

ching, it and natural appearance of materials 

graphic 

vaterial genuity on the part of the photographer is often 

dled in needed to avoid ghosts (undesirable parts from the 
background showing through). If the background 
can be selected as a black body there is no trouble 
from this source. Photographs of artists renderings, 
Figs. 5 and 6, are employed to advantage to show 

y pro — phantom views. 

is paid Photography also may be used to show exploded 

ng the f views but skill is required in laying out the parts in 

1 often § exact relation and perspective without undue dis- 

cellent F tortion so that the assembled positions of the parts 

p gray Fare obvious. One method employed successfully is 

hlights | to use glass to support the part in the proper three- 

photo- {dimensional perspective. The glass is cut to neces- 

ted 9 ff sary size and built up to the proper level for desired 

bdued perspective by using small squares piled one upon 

unted other. These stacks of squares supply an ex- 

ibdue F cellent adjustable support without tendency of slip- 

same } page if properly arranged. Use of glass in this way 

desi- fF does not cut out views of parts underneath. Care- 

0 the F ful selection of lighting obviates undue reflection. 

< Reflections, however, are not often of any conse- 

ee quence because views of this kind must have the 

pain ground carefully opaqued to obtain the desired 
results, 
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Another method involves the utilization of a large piece 
of plywood with holes drilled 42-inch apart with suitable 
iron rods inserted in these holes to support the parts in 
their proper perspective. A third method utilizes an in- 
genious device called the Schrader universal jig. These 
methods, however, do not have the advantage of the 
glass supports in that back lighting cannot be used. Wires, 
putty, beeswax, pins and other props for positioning parts, 
are useful in making exploded views. 

Relation of a detailed assembly to its machine or hous- 
ing may be shown by airbrushing or otherwise subduing 
the general outline so that the detail part is made conspic- 
uous by the contrast. This procedure may often be used 
to advantage to show combinations of assemblies using 
the same background for outline photographs. When 
this is done it is necessary to measure the perspective 
views carefully so that superimposed photographs will ap- 
pear in proper relation. Such superposition has advan- 
tages when part of the frame would otherwise obscure 
details of the assembly. Pictures of this nature are best 
taken at the same time so that superposition will fit exact- 
ly and measurements can be easily reproduced. 

Cutaways make clear the relations of inner parts and 
may be produced by photographing (1) actual cutaway, 
(2) drawings prepared from blueprints, Fig. 5, (3) com- 
bination drawing and photograph, Fig. 2 and (4) tone 
wash drawing prepared from mechanical drawing. Draw- 
ings prepared from blueprints may have tones added by 
a retoucher to make a wash drawing which appears pho- 
tographic. 

In reproducing illustrations for use in the shop or else- 


Fig. 5—Below—Airbrush rendering shows the relations 
between parts in phantom view 
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where, the problem is not simple. There is no substitute 
for a good reproduction. If quantities are small, the pre- 
pared illustration with art work is photographed and con- 
tact prints are used. Also photostats may be utilized. If 
quantities are larger, say 50 to 100, it may be advisable 
to make a negative suitable for printing in a blueprint or 
black and white type of machine. Larger quantities are 
usually reproduced by the offset or letter-press method. 
Preparing suitable masters for reproduction in contact 
printing machines such as used for engineering line draw- 
ings has not been highly successful where good fidelity is 
desired. There are two reasons for this: The sensitized 
paper used is high-contrast without sufficient latitude for 
halftone illustrations, and operators (experienced in pro- 
ducing line-drawing reproductions) are unfamiliar with 
the precise exposure required for halftone work. 
Satisfactory results have been obtained by “screening” 
a photograph to produce a negative with 85 lines to the 
inch which could be printed with an exposure close to that 
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used for line drawings. The finished print looks much 
like the photographs in newspapers. Linen negatives and 
paper negatives are often employed, but because of the 
photographic emulsions on one side the heat of the printer 
causes objectionable curling, making handling difficult. 
In case a positive printing machine is used the transparent 
original is made positive instead of negative. In trans- 
ferring a negative to linen, detail is lost and for that reason 
many users prefer to print direct from the photographic 
negative. Also, because of the thickness of the film ob- 
jectionable curl is not experienced. 

Reproductions of wiring diagrams or line drawings 
where color coding of various circuits or lines is desired 
may be performed photographically. If the line draw- 
ing is relatively simple an exposure is made on a specially 
prepared film having an emulsion for dye inhibiting print- 
ing. This film is developed and transfer dyes—black, 
brown, blue, orange, red, green—are brushed on. It is 
only necessary that the dyes do not touch the lines of an- 
other color. Excess dye is washed off, leaving only the 
colored lines. This serves as a matrix and may be trans- 
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ferred to almost any photographic paper. As many as 7% 
prints may be made from one matrix. If line separation 
complicated, separate matrixes may be made for cy 
color, either by filtering or by separation line dean 
and transferred in register to the printing paper, 
Another method of producing colored or coded lind 
diagrams involves the use of a direct color-printing Paper 
There are three ways in which this may be accomplished 
One is to expose a black-line negative and dye the Vaticnd 
transparent lines corresponding to the colors desired. No 
filters are needed to print this negative on the color Paper 
in one operation. Another involves printing separatio, 
negatives through filters complementary to the color de. 
sired. The third utilizes three-color separation Negatives 
exposed from a colored original. These negatives are 


printed with their corresponding filters. 

Photography can also be useful in providing templates 
to scale of outlines for standard parts frequently used o 
drawings. 


Assembled units as well as bolt heads, screw 
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Fig. 6—Carbon pencil 
rendering of machine. 
gun trainer shows rela- 
tion of parts, with hous- 
ing in phantom 


BARREL LOCK NUT 
BARREL ADJUSTING NUT 


RA PD 79865 


threads, angle pieces, sections, etc., are typical. Such 
parts are drawn accurately and then photographs pi 
duced for various scales that might be employed, making 
one drawing serve for several templates. 

Microfilming of drawings for record purposes and insti 
ance against loss of the original is another useful adapt 
tion of photography. Photographing of pencil drawings 
to preserve the original, simplify drafting for design 
changes and assure better prints. is discussed in a prow? 
article “Duplicate Tracing Minimizes Drafting Work” ia 
the November 1943, issue. 

Cooperation of the following in supplying information and 
illustrations for use in this article is greatly appreciated: Anseo 
division of General Aniline & Film Corp., Binghamton, N. ts 
Bell Aircraft Corp., ‘Buffalo; Boeing Aircraft Co., Seattle, Fig 
1; Charles Bruning Co. Inc., Chicago; Consolidated Vultee 
Aircraft Corp., Vultee Field, Calif.; Defender Photo S Pe 
Co. Inc., Rochester, N. Y.; Douglas Aircraft Co. Inc., 9am 
Monica, Calif.; General Electric Co., Schenectady, N. Ys The 
Haloid Co., Rochester, N. Y.; War Department, d 
Chief of Ordnance, Washington, D. C., Figs. 2, 3, 4, 5, 6; 
Gus Wetzler, Commercial Photographer, Cleveland. 
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FIRST of a series giving designers the latest information on By Richard K. Lotz 
dutches, brakes and couplings. Basic operating principles and 

characteristics are discussed in a manner gaged to aid in eval- 

vating the different types of units for specific applications Part I—Clutches 





T HAS been a matter of considerable 
importance that progress in the de- 
sign of clutches proceed apace with 

the many improvements which have 
been eftected—especially during the 
past few years—in the design of the 
mechanisms which clutches serve. 

There was a time when the machine 
designer was required to create veritably 
every part which went into his machine. 
This of course meant designing any 
clutches required as well as parts and 
units such as gears, speed-reduction 
units, brakes, couplings, etc. Fortunate- 
ly, and this is undoubtedly one of the 
prime contributing factors to the strides 


Fig. 2—Mounted vertically (right end 
down), this friction clutch incorporates 
friction disk which floats on springs 
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which have been made in design dur- 
ing the past decade, many machine 
units now are made by concerns that 
are specialists in their fields. Thus 
there are few clutch requirements today 
which cannot be met competently by 
one of the standard clutch units avail- 
able in “packaged” form. 

Although these units are available to 
the designer, it still is primarily his job 
to select and specify the best clutch for 
his specific application. Time spent in 
carefully analyzing the requirements of 
his machine will pay big dividends in 
its performance and life. The type and 
size of clutch selected will depend on 
many factors, most of which may be 
summarized as follows: 


. Required torque capacity 
. Space available 

3. Permissible shock during engagement 
. Type of control (manual or automatic} 
. Necessity for “jogging” or “inching” 
. Effect of clutch weight on inertia 
. Balancing required (high-speed ap- 

plications in particular) 

8. Ease of maintenance 

9. Frequency of engagement 

10. Expected or required life 

11. Heat dissipation. — 


In determining the amount of torque 
which will have to be handled by a 
clutch, it is important to take into ac- 
count not only the theoretical calculated 
steady torque but the fluctuations in 
torque which may be present during the 
operation of the driven unit. Intermit- 
tent momentary rises in torque exist in 
many machines and often cannot be cal- 
culated readily. In these cases they 
must be estimated as closely as possible 
or determined by actual test. In any 
case, where quantities of machines are 
to be built, it is of course wise to select 
the clutch only after suitable tests have 
proved it satisfactory for the application. 


Space Requirements 


Power-transmitting ability often can 
be packed into a surprisingly small 
clutch. Witness for example the really 
compact multiple-disk clutches and the 
roller-type overrunning and _ indexing 

eclutches. Nevertheless there always is a 
minimum size to which any clutch can 
be made and if this minimum is being 
depended upon in determining space al- 
lotments for the clutch and the sur- 
rounding mechanism, it is best to be 
doubly sure that the clutch will handle 
its loading adequately. Should it prove 
to have insufficient torque capacity, cor- 





$$ 


ral 
peversé LL OrWeary 


Co 
~ 


Shifter sleeve. Pressure 
| Qi 4 Gicle plate 
o Hub(4) 


Spur gear 
Orive 


472 by 


A | t. 
414 Hollow shaft 


Fig. 3—Above—By selectively driving either the solid or hollow shaft 
two-disk friction clutch makes possible simple reversing drive. With spur 
gears replacing sprockets, a two-speed one-way drive is produced 


Fig. 4—Below—Slip clutch employs spring-loaded friction disks. These 
units transmit normal loads positively but slip when subjected to overloads 
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recting the condition will entail employment of a larger clutch which in 


turn will necessitate altering the surrounding mechanism to provide the. 
additional space. While it might of course be possible to make the smal 
clutch transmit the power by forcing it, this rarely is advisable since 101% 
sults in excessive wear and involves repeated inadequate replacements. 

In most cases it is necessary to bring a driven mechanism up © 
speed of the driver with only as much shock as is demanded by the operat: 
ing requirements of the machine. Applied at a rate commensurate ; 
the time permitted for engagement as well as with the shock loading W 


: u 
the machine will tolerate, friction provides a convenient and readily com 
trolled means of coupling and is in fact the means utilized for transml “7 


power in the majority of clutches in use today. 


Obviously there would be substantially less need for the friction tyP® 
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{dutch if abrupt starting with its attendant shock were not a vital factor 
is the design of machine drives. The amount by which shock can be re- 
juced by the simple expedient of permitting a gradual speed-up over a 

of seconds is considerable. Starting never should be any more 

than is absolutely necessary. Where accurately-cycled mechanisms 
jmand starting free of slippage, efforts might well be made to dampen 
ie shock through the use of spring-loaded coupling devices having the 
geulty of returning the affected members to accurate register after absorb- 
ing the initial shock. Other devices, similar in character, also may merit 


5—Above—When engaged, the series of cylindrical cams in this over- 
If } Muaning clutch wedge between the inner and outer members of the clutch. 
fm Such clutches drive Positively in one direction, turn freely in the other 


Fig. 6—Below—Multiple-disk clutches pack a great deal of torque-trans- 
| milting ability into a small space. Type illustrated is double-ended 
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the careful consideration of designers. 

An application which exemplifies em- 
ployment of gradual, smooth speed-up 
through the use of a friction clutch is 
the six-spindle wire-insulating machine 
made by the American Insulating com- 
pany of Philadelphia. In this machine, 
part of which is shown in Fig. 1, each 
of the six vertical spindles (three are 
shown) drives sets of bobbins and 
flyers tor applying the insulation to the 
wire. After the wires and _ insulation 
are threaded properly it is essential that 
the revolving parts, which have com- 
pound motion, be accelerated with ex- 
treme smoothness; otherwise either the 
wire or insulation may break, necessitat- 
ing rethreading. 

It was required in this case that a 
manually-controlled clutch be employed 
which would permit the operator to pick 
up the load with the requisite smooth- 
ness. This resulted in the adoption of 
the unit shown in Fig. 2. Pressure is 
applied through the _ rack-and-pinion 
type of mechanism which is nonover- 
hauling and has no definite point of en- 
gagement. 


Floating Friction Plates. Employed 


Since these clutches are applied ver- 
tically, a special design was needed in 
order: to make the friction plate clear 
the pressure plates in the release posi- 
tion, thus preventing any drag from 
continuing to revolve the spindle. The 
friction disk is driven by special studs 
which have springs on them to support 
the weight of the disk and cause it to 
float in the proper position clear of both 
pressure plates when the clutch is re- 
leased. The ball-bearing type of shifter 
collar on this clutch was mounted down- 
ward and the threaded end of the: short 
clutch sleeve was coupled to the spindle 
drive. 

A simple way to obtain either a re- 
versing or two-speed, one-way drive by 
purely mechanical means is illustrated 
in Fig. 3. A customary type of disk 
friction clutch is used, having two disks, 
each of which has an internal gear cut 
on its inside diameter. When the shifter 
sleeve is moved toward the clutch prop- 
er, the cams, of which there are three 
equally spaced, pivot on their pins O, 
causing them to push against the hard- 
ened plate and thus clamp disk C be- 
tween the pressure plate and the hub H. 
The hub, being keyed to the input shaft, 
drives the solid shaft through the gear 
which is in mesh with the internal gear 
of the disk C. Thus the output shaft is 
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Fig. 7—Above—Overload release clutch of the ‘‘snap-out" type 
utilizes tapered jaws loaded by Belleville spring. This clutch 
will transmit torque up to its peak without slippage. Subjected 
to overloading, however, it disengages quickly and completely 


Fig. 8—Below—Typical application of the overload release 
clutch shown in Fig. 7 is on the drive of this Sendzimir strip- 
rolling mill the action of which is sensitive to overloading 








driven by means of the sprockets. 

When the shifter sleeve is moved away from the 
clutch proper, the cams—pivoting about their pins 
—push against plate G, and pull the pressure plate 
by means of the linkage to clamp the friction disk ¢ 
between the pressure plate and plate G,. In this 
position the drive is from the hub H, through pins 
F, through disk C, to the gear cut integrally on the 
hollow shaft, through the spur gears and to the Out- 
put shaft. 

It will be seen that both the solid and hollow 
shafts are driven in the same direction of rotation 
and it is what happens in the drive from them to 
the output shaft that makes the unit either reversible 
or two-speed. As shown, when driven through the 
sprockets the direction of rotation will of course be 
opposite to that obtained when the drive igs by 
means of the spur gears. By substituting spur gears 
for the sprockets at a ratio different than that now 
employed from the hollow shaft, a two-speed one. 
way drive is obtained. The function of the clutch 
in this application is. to disengage fully either of the 
shafts while the other is driving or to cut out the 
drive entirely by moving the shifting lever to neutral. 


Protecting from Overloads and Shocks 


Many times a mechanism must be protected 
against overloading or shock loading which might 
occur due to jamming, mistakes of the operator, 
etc. Stripped gear teeth, bent shafting, cracked 
housings, and the like, can result from failure to 
provide adequate protection and a simple solution 
is often effected through the use of a shear pin. 
However, shear pins require replacement and re- 
placements take time. At slightly more initial cost 
a better solution is provided by a slip clutch such 
as is illustrated in Fig. 4. When properly set, this 
unit insures a positive drive at all normal 
loadings, but the instant an overload 
occurs, slippage takes place. Thus it 
effectively replaces the shear pin and 
offers the advantage of requiring no Ie 
placement. The unit shown in the illus 
tration is essentially a simple spring: 
loaded friction clutch provided with an 
adjustment so that the torque at which 
it will slip can be varied to suit the com 
ditions of the particular application. 

Similar to the immediate foregoing i 
the application that requires positive 
drive right up to the point of overload 
and then absolute cut-off of the drive. 
Such a condition exists in the Sendzimir 
strip-rolling mill, the drive section of 
which is shown in Fig. 8. This mill tums 
out metal strip of exacting tolerances 
extremely fine finish. Overloads on its 
rolls would distort them and render the 
finished strip less accurate. To meet 
the requirements of this job the overload 
release clutch, Fig. 7, was developed. 

This clutch will carry any torque from 
zero up to the maximum for which it ® 
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adjusted without the slightest tendency 








from the io disengage, but once the torque value 
their Pins for which it is set is reached, instant 
‘ure plate # and complete disengagement takes place. 
n disk C, f rhe Belleville spring which is the con- 

In this yolling element in this clutch is of the 
ugh pins ‘map-over-center” type. When deflect- 
ly on the ato the flat position, its load capacity 
) the out. drops to zero and just beyond the point 





itwhich it is fattened it instantly turns 
‘gside out” and pulls the jaw-clutch 






















- Totation part of the unit into the clear, complete- 

them to jy severing the connection that carries 

eversible ip drive. In order to re-engage the 

ough the Hutch, it is necessary simply to force 

Ourse be & ihe sliding-jaw ring back into position 

is by & ster approximately lining up the jaw 

ur geats BH nembers. Although it has not been done 

hat now in this particular application, other ap- 

ed one. plications have been equipped with a 

e clutch fF engagement control that can be op- 

Of the Bi rated pneumatically from a remote station. 

Out the It sometimes is found that an application which de- 
neutral. § mands protection against more than a certain amount of 
| torque after the machine is in operation, must be able to 
” cary more than that amount during the starting and ac- 
roel celerating period of the machine. In such cases, the re- 
1 might mote-control operation of these overload-release clutches 
can be so arranged that the operator can turn the control 
aa Zi on during starting and off after the machine has reached 
i its operating speed. 

ag Multiple-Disk Types Are Powerful, Compact 

nd & Referring back briefly to the disk type of friction clutch, 
ial cost ff it would be difficult to find a unit that packs more torque- 
h such transmitting ability into a small space than does the mul- 
et, this tiple-disk clutch shown in Fig. 6. The model illustrated 
— is double-ended and finds wide application in automatic 
2, o : reversing drives. Other applications utilize the disks at 
| a one end for clutching and the disks at the other end for 
Ae fe braking. Single-ended models of these clutches also are 





available, 


Various makes of these sturdy, compact units are regu- 





ee larly produced, the primary differences between them be- 
al ri ig in the mechanisms employed for engaging and dis- 





engiging, and in the shape of the driving disks. In the 
unit depicted in Fig. 6 the cone, actuated by a conven- 














pe ‘ tional bronze throwout collar, can. be moved axially to 
ail _ or left. In so doing it exerts pressure on the disks 
a ugh the roller ring and the rollers which are carried 
pe *y 4 series of duplex levers. Quick release when the cone 
icimit — to its neutral position is effected by the re- 
<i ase springs which push against the lock plate and roller 
vali — free the disks. Adjustment of pressure is made by 
a ra g the spring-loaded lock pin out of engagement with 
m its B the Ock plate and turning the adjusting ring relative to 
i roller ring. When a clutch of this type is specified, 
aaa particular care should be exercised in ascertaining that it 
rload a torque capacity because, due to the inherent 
od. <i ty of dissipating heat where multiple disks are 
from A Overloading can result in excessive heating. 

aa € of the most interesting clutches is the overrunning 





ype which sometimes is referred to as an “indexing, free- 
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Fig. 9—Above—Partial view of shell-marking machine 
showing single-revolution clutch on main spindle and trip 
pin with its spring-loaded hand lever-control 


Fig. 10—Below—Single-revolution clutch combines roller- 
type overrunning clutch with trip-cam release mechanism 




















wheeling” clutch. In its simplest form the overrunning 
clutch consists of a series of rollers disposed at equal 
intervals between a circular outer shell and an inner shell 
which is actually a cam having many flat or curved sur- 
faces (one for each roller) on its periphery. The rollers 
are spaced by a cage and held in operating position by 
light springs. Turning in one direction wedges the rollers 
between the surfaces of the cam and the outer race, re- 
sulting in a positive nonslip drive. Turning in the op- 
posite direction frees the rollers and the drive becomes 
freewheeling. Due to the pressure exerted by the roller 
springs the rollers are always in position for instantaneous 
engagement or disengagement. 

Some of the more important applications for which 
overrunning clutches are particularly suitable are: 


1. Intermittent feeds in which rollers, cams, gears, con- 
veyors, etc., are actuated only when their drivers are 
turning in a given direction and cease moving when the 
direction of the driver is reversed 

2. Driven mechanisms utilizing two prime movers (stand- 
by drives). Each prime mover is connected to the driven 
mechanism by an overrunning clutch with the result 
that either can cut in or out automatically 
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3. Booster drives in which the drive first is effected by one 
motor through the clutch and later picked up by an- 
other motor, the clutch automatically cutting the first 
motor out 

4, Multiple-speed drives. Sometimes the overrunning 
clutch is used in conjunction with a disk-type friction 
clutch to obtain various automatic speed-ups and speed 
reductions 

5. One-way drives which cannot be permitted to reverse. 
In such cases the clutch is used as a backstop. 


Actually this listing of applications is not complete. 
Others, many of them ingenious, are in use but they all 


Armature 
< Member 
Kelease spring 
(Disk 7ype) 





Fig. 1l—Above—Friction type of magnetic clutch showing 
primary parts. Such units are ideal for remote control 


Fig. 12—Below—Application of serrated (toothed engage- 
ment surfaces) magnetic clutch in equipment of steel mill 





are predicated on the ability of the overrunning clutch to 
grab positively in one direction and turn freely in the 
other. 

A type of overrunning clutch which has proved highly 
successful is pictured in Fig. 5. In this design the clutch- 
ing action is produced by the series of cylindrical cams 
which, when driving, are wedged between the inner and 


outer clutch members. Actually, the curved surfaces of 
these cams are not true arcs but specially shaped con- 
tours designed to increase the locking force with increases 


106 





of clutch Joading. Each cam is actuated by a small com. 
pression spring through shouldered extensions at both 
ends of the cam. The gear-tooth mesh shown established 
between the cams and inner clutch member Serves to 
space the cams, keep them in alignment, react the pres. 
sure of the cam springs, and keep the cams in constant 
contact with the outer member of the clutch. 

Although the unit pictured in Fig. 10 generally is re. 
ferred to as a single-revolution clutch, it can be used to 
provide any number of controlled revolutions. Essen- 
tially it is a roller-type clutch, similar to the Overrunning 
type, with engagement and release effected by an auxjl. 
iary mechanism which consists of a spring-loaded trip 
cam, pivoted (on pin 6) at a radius from the clutch 
center and connected to the roller cage 1 through pin 3 
and block 2. 

As shown in the illustration the clutch is engaged, the 
trip cam being pulled in a counterclockwise direction by 
its spring and in turn urging the cage 1 in the same direc. 
tion through pin 3 and block 2 which can slide radially in 
a groove cut in the face of the cage. (The end view at 
the left of the illustration shows the rollers wedged be- 
tween the flats on the inner member and the circular race 
of the outer driving member.) 


Trip Lever Releases Clutch - % 


Release of this clutch is accomplished by a trip lever 
mounted adjacent to the clutch and in such position as to 
permit it to contact the trip-cam hardened insert 4. Im- 
mediately such contact is made the trip cam stops re- 
volving, the driving portion of the clutch continues 
through the small fraction of a revolution required to 
push the cage and rollers to their release position, and 
only the driving member continues to turn. 

Single-revolution clutches are used for cycling all types 
of intermittent drives. A typical application is the shell- 
marking machine, Fig. 9, made by James H. Matthews & 
Co. In this machine one revolution of the marking wheel 
(immediately above the end of the shell) is required for 
the marking operation on each shell. After the clutch is 
engaged by means of a hand lever, the spring-loaded trip 
lever pushes on the trip pin which rides on the contour 
of the trip cam and effects the release. 

Magnetic clutches, which of course are controlled elee- 
trically, offer automatic or remote manual control with 
quick positive action and do not require toggles, links, 
shifting levers, etc. Some of the applications to whieh 
magnetic clutches are well suited include their use 
positive engagement couplings for synchronizing rolling- 
mill screwdown motors, flying shears, cutoff machines and 
uncoilers; as slip clutches to prevent mechanism damage 
under sudden loads and jams; as accelerating units ™ 
machines where the driving member must be permit 
to start without load and then is required to pick up the 
load smoothly; for frequent starting and stopping of such 
equipment as compressors and accumulator pumps; ® 
for intersectional locking of certain machines as employ: 
in the paper industry. 

A magnetic clutch, as shown in Fig. 11, essentially is 
comprised of two sections, namely the field member Col 
taining the coil, and the armature member. Current 5 


(Concluded on Page 174) 
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Fig. 1—Flame-hardened gear 
teeth showing case developed. 
Flame hardening does not alter 
the chemical composition of 
the material being treated 


By Harry W. McQuaid ~ 


. Republic Steel Corporation 


REAT progress has been made, under the pressure of 
G wartime requirements, in developments of heat-treat- 

ing processes for steel. Lashed by the unrelenting de- 
mands of the war, many of these developments have reached 
the stage of commercial application. Prominent among such 
recent developments are: (1) Induction and flame heating; 
'2) isothermal heat treating; (3) improved quenching; (4) 
shot blasting, etc.; (5) controlled atmosphere. 
_ Strictly wartime developments might be limited to: (a) 
Use of multiple lower alloy steels to replace simpler steels of 





hg alloy content; (b) water quenching of alloy steel arma- 
ment. 
Hardening steel via induction heating has come into its 
during these recent war years and, when its true nature 
8 With its natural limitations are comprehended fully, it 
"tS thuch to the designer. By using the proper induc- 
coils and by controlling the frequency and power of 
electric currents employed to give the required depth 
speed of heating, it is possible to obtain heated areas 





















What New Heat Treatments of Steel 


Presage in Design 





























isec. log. time 


Fig. 2—Modified S curve. Full lines show per cent 
austenite transformed. A, austenite; P, pearlite; 
B, Bainite; M, martensite or martensite transformed 


As indicated, induction heating has, of course, some 


metallurgical and mechanical limitations which must be 


0 depths desired in é nilter OF vidinde: ‘Than; & i 0 considered. Properly worked out, however, it promises to 


od 


ideally suited to mass production procedures. 


Society of Automotive Engineers in Detroit. 
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give more leeway to the designer. In objects of simple 
‘bens symmetrical shape, such as pins and bushings, it permits 
Pe of the SeeitpP’Ber, Presented at the recent national materials meet- the use of lower alloy and higher carbon combinations 
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Fig. 3—Rates at which oy. 
side and inside of hardened 
piece cool when quenched in 
water, oil and air are shown 
by these (curves (Shepherd) 














which can be water quenched without excess distortion 
or internal stressing. This means higher hardness and 
greater load-carrying capacity. Primarily, the use of in- 
duction hardening should be limited to shallow-harden- 
ing steels, i.e., lower alloy steels, otherwise the severe 
quench may result in a highly stressed surface which, if 
it does not crack, has much decreased load-carrying 
capacity’. 

As its use and limitations become more familiar the 
application of induction heating is spreading rapidly. It 
can be used on internal as well as external surfaces and 
lends itself to “in line” applications. It can be effected 
automatically with simple pushbutton control and, where 
properly applied, provides a finished part which gives 
extremely satisfactory performance. 


Effects of Induction Heating on Design 


To the designer, the principal advantage of this method 
lies in its application to localized zones. This makes pos- 
sible the designing of parts practically free from distor- 
tion due to hardening. In addition, parts can be de- 
signed so that the stresses in a finished piece, at a given 
point, can be relieved by local heating. Parts can be de- 
signed with only internal surfaces or projections subject 
to hardening, making it possible to make built-up welded 
or brazed assemblies prior to heat treating. Induction 
heating has valuable application in brazing operations 
and the distortion incidental to overall heating of welded 
assemblies in heat treating can be eliminated. The use 
of induction heating of gears by applying the heat to the 
rim section only permits wide latitude in built up webs 
and easily machined hubs. 

Much that has been said about the use of induction 
heating can be said also about flame hardening (Fig. 1), 
although not all of the advantages offered by properly 
applied induction heating are available with flame hard- 
ening. However, for some applications there is little 
choice between the two methods. Every possibility 





1H. B. Osborm Jr., Vol. 79, Transactions, The Electrochemical Society, 
1941; C. 1 Holslag, Welding Journal, Feb., 1941; E. Blasker, Sympo- 
sium, A.S.M., 1940. 

2 Davenport and Bain, Vol. 90, Transactions, A.I.M.E., 1930. 
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should be studied carefully so that if flame hardening will |. 
satisfy, then the advantages present in much lower cost | 
of installation should be obtained. In any event, a | : 
evaluation of the metallurgical and operating aspects of 
the two methods should be made by the designer before 
he decides on the design of the part or the heating method 
to be employed. 

The advantages of induction heating in permitting lo- 
calized softening of hardened parts should be familiar to 
every designer in connection with the attachment of hard- 
ened parts to other parts, in relief of stresses set up in 
fabrication, and in the possible forming of heat-treated 
parts. An example of the first case is found where a hard- 
ened flange is softened to permit drilling and tapping. An 
example of the second case is where induction heating & § § 
used to soften the bases of armor-piercing shot. For the 
last case, heating of the nose of a heat-treated high & 
plosive shell to permit nosing-in is an excellent example. 

Although isothermal heat treating was practised mally 
years ago, it was in an undeveloped state until the advent 
of the constant temperature transformation curves of Bail 
and Davenport?, about 1930. This work led to the a 
velopment of constant-temperature transformation hedt 
treating practice on a commercial basis. This practit® 
because of limitations of size and analysis usually WS 
confined to small sections and carbon or low alloy steels 


EE a 


= ss = 


The publication of studies for many grades of alloy J F 
steels showing the time required at all temperatures for } 


the transformation of the austenite to ferrite and the pre 
cipitation of the carbon in form of carbide to form ma 
tensite or other structures, led to application of this knowl ‘ 
edge in commercial heat treating. Thus it was found di 
that after the properly heated part had been cooled past f 
the “knee” of the “S” curve without transformation (sé in 
Fig. 2) there was no great hurry in cooling, and pats 
could be straightened without decreasing hardenability in 
greatly. . in 
When the austenite transforms and carbon is precy ® 
tated to form the structure of maximum hardness knows by 
as martensite, the change is accompanied by a definite if 
crease in volume. It is this increase in volume which ws 
tributes to most of the stresses set up in quenching. = 
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cooling proceeds from the surface to the center of the 
piece, if it is drastic—as in water—there always will be, 
at the time of center transformation, a considerable differ- 
ence in temperature between the outside and center in 
water quenching. Thus, with the outside of the part cold 
and rigid and the center expanding in transforming, sur- 
face tension stresses will be set up which make any as- 
smption of the designer extremely uncertain. This of 
course is true primarily of a deep-hardening steel. Any 
steel which hardens throughout in oil or water will be 
subject to tension stresses in the outer portion and they 
may actually cause rupture through quenching cracks. 

While the designer is not interested greatly in those 
parts which actually crack in quenching, he is much in- 
terested in the intensity and distribution of stresses 
throughout any given part, for no formulas used by the 
designer cover the variation and amount of stresses inci- 
dental to heat treatment. Since, as Almen has stated, 
fatigue failures occur only in tension, the presence of un- 
nown tension stresses constitute a direct hazard and 
usually every attempt should be made to obtain initial 
compression stresses if possible. It is necessary to use 
care in some cases to avoid excessive compression stresses 
in the surface zone since they must be offset by tension 
stresses at a greater distance from the surface. In the 
case of rolling contact, such as in gears and roller bear- 
ings, the fatigue failure actually may take place by sub- 
surface tension if the surface compression loads are ex- 
cessive. 

Internal stresses, incidental to uneven cooling, and 
nonuniform transformation are aggravated greatly by 
nonuniform sections and by sudden changes in section. 
If possible these should be discussed by the designer and 
metallurgist before a given design is adopted. Internal 





Fig. 4—In metallurgist's view of gear tooth, a should be 

maximum, case depth d and core hardness are governed by 

ype of failure, and grinding, which introduces high initial 
tension on surface should be avoided if possible 


stresses may not necessarily be severe enough to cause 
direct fatigue failure, but they always are the primary 
factor in distortion which often governs the stock removed 
m grinding or the performance of the given part. 
Allowances usually are made for distortion in design- 
ing heat-treated parts by increased size or extra process- 
ne This is especially true in gear tooth design when 

wance is made for tooth “movement” in heat treating 

extra length of tooth face and heavier tooth. 

Distortion in heat treating is becoming of increasing 


*B 
- F. Shepherd, Iron Age, Jan. 28, 1948; Feb. 4, 1943. 
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importance to the designer because of the unknown it in- 
troduces in determining contact areas and because it in- 
dicates unknown internal stresses which make accurate 
designing impossible. The development of heat treat- 
ments which minimize internal stresses and resulting dis- 
tortion promises to become an important factor in promot- 
ing more accurate designing. 

An important contribution to our heat-treating prac- 
tice was made by Shepherd*, who determined that molten 
salts of certain types would cool at about the same rate 
as a good quenching oil. This would permit their use in 
cooling oil-hardening steels fast enough to insure their 
getting past the knee on the “S” curve untransformed. If 
the bath was at a temperature of 400-500 degrees Fahr. 
the part could be brought to this temperature uniformly 
throughout before transformation started. After a uni- | 
form temperature had been obtained, the part could then | 
be cooled in air and would harden with the maximum of | 
uniformity and the minimum of internal stresses. This 
practice is known as martempering. 

The underlying factors governing the results obtained 
by the process are: 


(a) Uniformity in temperature throughout a part is ap- 
proached before transformation starts 

(b) Transformation takes place at close to the same 
time throughout a given part, thereby preventing 
high stresses due to non-uniform volume changes. 


The development of such a practice, while requiring 
perhaps the use of a deeper hardening steel, will permit 
















Fig. 5—As viewed by the metallurgist an axleshaft should 
have initial compression stresses at the surface and the 
surface should be free of even the most minute ruptures 


the designer to assume for many parts that grinding of 
highly loaded surfaces can be done before heat treating, 
or eliminated altogether. He can assume that the uncer- 
tain internal stresses of oil or water-quenched parts can 
be reduced to a point where he can estimate accurately 
the useful strength of a given stressed area. Thus, an 
important step in precision designing can be taken. 
Martempering in all its phases and possibilities should 
be developed thoroughly by the metallurgical engineer, 
and by him its advantages should be demonstrated and 
made familiar to the design engineer. There is a possi- 
bility that with martempering much of the allowance 
now made for distortion in heat treatment can be elim- 
inated, and in many cases the corrective operation of 
grinding also can be eliminated. This will permit the 
designer to design more closely to the theoretical by de- 
creasing dimensions or to increase loading on designs al- 
ready in operation. Combinations of martempering, in- 
duction heating, or induction softening possibly will per- 
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mit designs now considered impractical. Built up com- 
binations by welding or brazing can be, made with grind- 
ing eliminated from surfaces of high hardness if this is 
desirable. Typical cooling-rate curves prepared by Shep- 
herd are shown in Fig. 3. 

The isothermal transtormation of highly alloyed steels 
as a means of annealing is being developed at this time, 
and promises to reduce the aversion of production de- 
partments to this type of steel. There always has been 
difficulty with the more highly alloyed steels due to re- 
duced machinability, and their use has been restricted be- 
cause of it. Isothermal annealing promises to encourage 
their use because of the great reduction in time and the 
greater uniformity of the results*. 

This means that these steels might be used in many 
intricate parts where they offer better performance with 
possible reduction in size or increase in loading. If the 
isothermal annealing of the higher alloyed steels is com- 
bined with their better ability to process through the mar- 
tempering cycle then the designer should be able to de- 
sign for higher loadings than ever thought safely possible. 





Fig. 6—Fatigue failure caused by a small surface rupture; 
in this case the indentation of an inspector’s stamp 


The martempering cycle is especially suitable to the 
higher alloyed steels and can be combined with short- 
cycle tempering baths to give maximum properties, mini- 
mum distortion and internal stresses together with the 
minimum overall heat-treating cycle. These develop- 
ments promise to affect the design of almost every mech- 
anism in the future. Higher strength, better contacts. 
and lower unit contact pressures permit smaller parts 
with closer spacing of supports, smaller housing sizes, and 
hence decreased deflection under loading. 

Criterion of performance of the newer designs with 
increase of loading promises to be the bearings, and hence 
indicates possibly heavier demands on the bearing manu- 
facturer for increased performance. 

It is usual for the designer to predicate his design on 


4 Peter Payson, Page 12, Iron Age, June and July, 1943; Payson and 
Klein, Page 12, Transactions, A S.M., 1943. 
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his experience with parts for similar applications and 
where heavy fatigue stresses or severe loading are present 
the size of parts usually is considerably in EXCESS of 
theoretical requirements. Some blame for this condition 
lies in the prevalence of a soft low-strength surface op 
most parts that are operating with applied stresses jn the 
as-forged or as-rolled surface. This often is the case in 
springs, steering arms, connecting rods, bolts, ete. With 
ordinary practice these parts have in the unmachined gy. 
face a zone of almost carbon-free steel, with a relatively 
low tensile or fatigue strength. This soft surface is dye 
to the removal of carbon by the products of combustion 
during heating for the various processing operations, 


Combatting Decarburized Surfaces 


Work done by numerous workers shows that in many 
applications the low strength decarburized surface is the 
controlling factor in the performance of the part. It is 
for this reason that the development of controlled-atmos- 
phere furnaces has accelerated remarkably during the 
past few years. In many cases the decrease in size, re- 
sulting from machining off the decarburized surface zone. 
would be accompanied by an improvement in perform. 
ance which possibly would pay for the machining oper 
tion. 

It is believed that the studies already made indicate 
the potential value of the removal of the soft surface | 
layer as a most important means of permitting a lower} | 
factor of safety and obtaining increased performance. 
This phase of metallurgical activity should be considered 
carefully by every designer of parts now giving less than 
the desired performance. 

Production of drop forgings free from decarburization | | 
has not received the attention it should, primarily because § | 
the design engineer has not been made to appreciate its 


possibilities by the metallurgist. | 
The steel mill and drop forge furnace offers great room J ! 
for improvement in respect to decarburization, but in 
many cases the machining away of the decarburized sur 
face in the final part is cheaper than installing atmos | 
phere control on the high-temperature heating furnace 
in the steel mill and forge shop. 
Recent developments indicate that the recarburizatio | ! 
of low carbon or carbon-free surface zones is quite pos 
sible, and seems to offer an interesting field for improve f ' 
ment in performance of many applications. When sub ff 
ject to severe reversals of stress in bending or torsion, the Fs 
strength of the surface zone is the strength of the piece, 
and few of us realize how low this strength is or how 
much money has been wasted on alloys in heat-treale¢ 
parts where the criterion of performance lies in the lon 
strength of the decarburized outer layer of the patt. 
As noted before, the design engineer is working © 


tinually with what is known as “strength of materials. 
and is primarily interested in the usable or net strengt 

of any material under load. In the case of steel he ho 
been taught to place great reliance on the results of bb E 





oratory tensile tests which presume to indicate ™§" 
strength of the steel part in service. These tests are hart 

ly more than academic in their value, especially in pe ' 
treated parts. They do not indicate the internal stress \ 
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volume changes in heat treating, machining, straighten- 
ing, and assembly stresses, often are far greater than the 
applied or working load. The useful net working strength 
is the difference between the internal or initial stress and 
the strength of the steel as indicated by the tensile test. 

In some cases the available or useful strength may be 
considerably greater than the strength as indicated by 
the tensile test; in most cases it is less. To have the initial 
drength in a given part useful, and thereby increase the 
strength above that indicated by the tensile test, should 
be the goal of the design engineer and metallurgical en- 
gneer. This is especially true in parts subjected to severe 
and repeatedly applied loads where early fatigue failure 
threatens. 

It is to accomplish this that engineers are striving to in- 
toduce initial compression stresses where highly concen- 
trated tension stresses are developed in service. As so 
well explained by Almen, this can be done mechanically 
by cold working the surface or metallurgically by case- 
hardening, nitriding, or the use of shallow-hardening 
steels. 

The use of shallow-hardening steels wherever possible 
isa contribution to design. Their primary advantage lies 
in reduction of unfavorable internal ‘stresses, and in many 
cases the development of favorable stresses, especially in 
members subjected to severe tension or bending loads 
which tend to cause early fatigue failures because of high 
tension stresses concentrated at the surface. Such parts 
would be axleshafts, springs, cranks, connecting rods or 
steering knuckles. 

However, the use of shallow hardening to reduce ten- 
sion stresses in the surface section should not be confused 
with poor or retarded quenching. In fact, to obtain the 
advantage of shallow hardening it is especially necessary 
that the structures in the hardened portion be those which 
indicate thorough and complete quenching. This is the 
frst requirement for high useful strength in service. It 
might be said that whether he knows it or not, everyone, 
from the designing engineer to the final user of a critical- 
ly loaded part, is more interested in the structure ob- 
lained in quenching during heat treatment than in any 
other operation. The war has been an important factor 
in concentrating attention on the part played by quench- 
ing in the final performance. Better quenching oils have 
been developed and more water quenching, using well 
worked out fixtures, has been used. Great emphasis has 
been placed on circulation of the quenching bath and the 
selection and cooling of quenching oils. 


Design Benefits of Improved Quenching 


As we begin to apply the experience which the war 
has given us in the development of the maximum prop- 
rey which come with better quenched structures, the 
designer can begin to design closer and closer to the 

Coretical minimum. The maximum improvement in 
this direction can come only when, as pointed out by 
Eddy*, the hardenability of the steel being quenched is of 
maximum uniformity. 

To take full advantage of the improvements in control 
Which have been developed in heat treating, and the new 
knowledge which is available of hardenability and time- 
lemperature transformation characteristics, it is necessary 

‘W. P. Eddy Jr, SAE Journal, May, 1944. 
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for the design engineer, the metallurgical engineer and 
the operating department to cooperate in removing some 
factors of uncertainty which are at present all too common. 

Apparently there still is some difference of opinion be- 
tween metallurgists and also between designers on the 
methods used for arriving at the evaluation of some ot 
these simple factors. Thus, in casehardened gears the 
question of case depth versus core hardness often is a mat- 
In Fig. 4 are shown some 
of the factors which metallurgical engineers might con- 
sider of primary importance in the initial stages of de- 
The metallurgist would rather see a gear 


ter of opinion and tradition. 


signing a gear. 
fail by uniform pitting at the pitch line than by tension 
fatigue failure at the root of the tooth. This means that if 
the beam section of the tooth is sufficient the metallurgist 
can work out the resistance to pitting and wear by de- 
creasing the compression load due to deep cases and 





Wheel 


Fig. 7—Metallurgical view of worm and wheel. 
width d should give full center contact when fully loaded. 
Full-hard bronze with high yield is best for the wheel 


low-strength cores. He might vary the heat treatment 
and core hardness, which would give him improved per- 
formance in rolling and sliding contact but which would 
adversely aftect the strength due to high tension at the 
root of the tooth. This again might be due to gear tooth 
“movement” in heat treating or deflection in operation. 
The newer techniques in heat treating give promise of 
reducing tooth “movement”. The deflection can be cor- 
rected only by design. 

In Fig. 5 is shown an axleshaft with some notes of the 
factors of concern to the metallurgist. This is a torsion 
member which is loaded also in bending, of the semifloat- 
ing type. The main concern of the metallurgist so far as 
performance is concerned is to start out with initial com- 
pression stresses at the surface. This means the selection 
of an analysis and treatment which will produce full hard- 
ness for a limited distance below the surface with a softer 
lower volume center. The compression stresses in the 
surface act to reduce the working load by whatever 
amount they represent. Surface of the highly stressed 
portion of the shaft should be free from ruptures, how- 
ever minute, which would serve to start an early fatigue 
failure much below the estimated strength assumed by 
the designer. One cause of these might be cold-straight- 
ening checks; another might be an inspector's stamp, Fig. 
6, or deep tool mark. If the shaft is not hardened through- 
out it is the function of the metallurgist to increase the 
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strength in fatigue ot the shaft by increasing the hard- 
ness of the fully hardened zone if more strength is de- 
sired. This usually is done by increasing the carbon con- 
tent and indicates a possible trend to higher carbon steels 
of lower hardenability for such applications. 

In Fig. 7 is shown a metallurgical reaction to some 
fundamentals of a worm and wheel. Here the newer 
techniques of heat treating should make possible worms 
of sufficient accuracy to eliminate grinding of the final 
hardened worm-thread surface. The important funda- 
mental from the metallurgical standpoint is to keep the 
worm diameter a maximum, the worm tooth surface as 
smooth as possible and, most important of all, to keep 
the worm wheel thickness to a minimum. This restric- 
tion on wheel width is to take advantage of the improved 
contact at the center of the worm, the wide tolerance in 
dimension as compared to a wider wheel and the easier 
lubrication problem. Sensitivity of adjustment with worm 
operation seems to increase as the square of the wheel 
width. The problem really becomes one for the metal- 
lurgist whose function it is to recommend a material in 
the wheel with sufficient strength and bearing qualities 





Fig. 8—Metallurgical view of connecting rod. High- 
tension surface is machined and shotblasted after heat 
treatment. Rod should be rigid in all directions 


to operate with an available lubricant. This material prob- 
ably is present in some of our harder high-strength heat- 
treated bronzes. 

In Fig. 8 is shown the metallurgist’s viewpoint in ap- 
proaching a connecting rod design. Much of the same 
thinking is applicable to steering arms, knuckles, springs, 
etc., where as-forged parts are highly stressed. Here 
smooth machining or grinding would seem the only way 
to approach maximum uniformity in properties of the 
highly stressed surface. This is the surest way to remove 
low-strength decarburized surfaces and notches incidental 
to forging. 

The effect of wartime developments in the heat treat- 
ment of steel on the production of mechanical equipment 
will be felt directly in the increased use of induction and 
Hame-heating equipment which will permit line process- 
ing. The use of this type of equipment will be of value 
also in the relief of welding stresses in built-up parts and 
the localized annealing of parts to facilitate assembly. 

Increased use and experience with induction and flame 
heating will be reflected also in its effect on casehardened 
applications. As induction heating progresses there prob- 
ably will be a trend to use it in place of the long and in 
some cases more expensive casehardening operations. 
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There is some difference of opinion as to the relative 
qualities of casehardened and induction-hardened parts 
The initial compression stresses introduced by casehard. 
ening are probably somewhat greater and the better Wear 
resistance due to higher carbide concentration in the case 
may be a deciding factor. In any event the trend to ip. 
creased application of the induction heating and flame 
heating process promises to continue and will affect great- 
ly the layout of the heat-treating plant of the near future. 

The use of salt bath, isothermal and martempering 
treatments will be of value in the processing of highly 
stressed parts, such as gears and axleshafts, especially in 
parts where distortion is a problem. This type of equip. 
ment will in most cases have to be developed as it is yet 
very much in the laboratory stage. Its value in reducing 
overall time of heat treatment, with the possible elimina 
tion of the grinding of hard, highly stressed surfaces, will 
in many cases outweigh its increased cost. The combin. 
ing of such operations with treatments to eliminate de. 
carburization and to control initial stresses certainly should 
permit designing closer to the theoretical size. This in 
turn will affect the whole processing picture because of 
perhaps drastic reduction in the size of many highly 
stressed parts. 


New Trends in Heat Treating 


As pressure is exerted to obtain the maximum useful 
strength in heat-treated parts, and as our knowledge of 
stress intensity and distribution increases, the attention of 
the production and metallurgical departments will be 
focussed more and more on continuous isothermal and 
salt-bath treatments for highly stressed parts. This trend 
also will affect markedly the planning of future heat 
treating departments, and will be reflected back through 
every phase of steel making. Uniformity of steel will be 
stressed as a major requirement and may have an i 
portant effect as far back as the melting practice used it 
making the steel. 

It is evident from the foregoing that recent development 
in heat treating and metallurgical processing offer goo 
prospects for the production of heat-treated parts with 
greatly decreased distortion, improved useful strength # 
the point of maximum loading and high hardness ares 
localized to insure simpler fabrication and assembly. These 
should, with sufficient uniformity and proper selection of 
steel analysis, permit decrease in size or increase in | 
ing for many parts. 

Possible improvement in load-carrying capacity @ 
be traced directly to the improvement in our knowledg 
of transformation phenomena as developed in the # 
thermal and martempering treatments as well as to bette 
understanding of stress intensity and location, and the 
control or reduction in internal or initial stresses in 4 heat 
treated part. Improved structures resulting from be 
quenching, steel selection and control of decarburizati 





also make possible better load-carrying capacity 4 dos 
improved control of distortion with attendant mer 
areas of stress application and lower unit stresses. — 
Apparently we are headed for a new‘era in which 04 
improved knowledge will result in an increase © © 
actual useful strength of highly stressed parts and there 
permit an important reduction in the “factor of ignorance 
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Part II—Simple Stress Members 


T WAS shown in the first article in this series how de- 
sign stresses can be evaluated for specified permis- 
sible creep deformations. Before applying this in- 
formation to the design of specific members it is desirable 
to indicate the allowable creep deformations in various 
constructions operating at high temperatures. Tas e II 
gives the allowable creep deformations that have been 
wed in steam turbine and boiler parts, power plant equip- 
ment, steam piping and oil refining equipment. These 
requirements are approximate and have been selected 
mainly from papers published in the A.S.T.M. and 
ASM.E. Symposium on Effect of Temperature on the 
Properties of Metals**. To simplify the design of simple 
stess members, graphs giving the working stress value 
for particular values of the permissible creep are plotted 
in the following. 


Axial Tension, Constant Load 


In view of the inaccuracy involved in the extrapolation 
of creep test data and the fact that considerable test data 
an be approximated by the log-log method of interpreta- 
tion, this method will be used in this discussion. It is 
tue that the hyperbolic sine method may be more ac- 
curate for some test data and that it (or some other 
method) might well be the one eventually adopted. For 
the Present, however, and until more test evidence is 


wailable, the log-log method appears to be sufficiently 
accurate, 


TABLE II 


Permissible Creep Rates 
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Permissible 
Application (in. per in. in 10 years) 

Power Plant Equipment — Drums, _ tubes, 

rs, superheater tubes ............. 01 
Steam Piping and Sig ee RT Sg ore ee 015 
Oil eee ae eee 10 
Steam Turbine Parts ................... .001 to .01 

ees 


16. See Pages 
10, 17, 38, 55, and 146, of papers in this sium 
by Ht W. Martin, m_ Westen end 


re =. F. E. S. Dixon, J. C. 


194 
gust. MAcHNE Desicn—August, 1944 


Applying Creep 


Data 


in Design 


By Joseph Marin 


Pennsylvania State College 


For tension members subject to constant axial loads 
Equation 3 can be used for selecting the design stress 





S=S,,. Rewriting Equation 3, 
1 
I 2 clea. nee eee (17) 


For a specified allowable creep rate and for a specific ma- 
terial with known material constants B and n, Equation 


| — 


Vaaclela 
4 
>| 
x 


Qy /6 
J 





Fig. 7—Chart for selecting design stress when experi- 
mental constants and allowable creep rate are known 
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17 determines the design stress S,. Fig. 7 is a graph rep- 
resenting plots of Equation 17 for range of n values usual- 
ly encountered. By Fig. 7 the design stress can be se- 
lected when B and the allowable creep rate are known. 
Since S,A=P, where A = the required cross-sectional 
area and P = the axial load, then by Equation 17 the 
area required is 


A=w(B/C)"*P ....... 


Members Subject to Bending 


The stresses and deflections in members subject to 
bending and creep have been determined both by theory 
and by experiment'?:1%. Using Equation 3 for the rela- 





Fig. 8—Creep bending-stress distribution 


tion between deformation and stress in place of Hooke’s 
law, and following otherwise the development used in the 
elastic theory, expressions for the determination of 
stresses and deflections for constant bending loads accom- 
panied by creep can be obtained'*. The few test results 
available on creep in bending show that this theory is a 
good approximation. For a beam of rectangular cross 
section of depth h and moment of inertia J subjected to a 
bending moment M accompanied by creep, the bending 
stress S,’ at a distance y, from the neutral axis is: 


My, ( 2y; ‘ig ( 2n+1 ) 
‘=. | —— —— — Soe. Pe ag (19) 
* ( I ) h 3n 


where n is the experimental constant of Equation 3. 

The maximum bending stress is at the outer fiber where 
y,=h/2. Then by Equation 19, and designating S,," at 
the outer fiber by S,, 


= (5+) (==) 
. /}\ Se 3n RS 


17. McCullough, G. H.—‘‘An Experimental and Analytical Investigation 
of Creep in Bending”, Transactions A.S.M.E., Vol. 55, Page 55, 1935. 

18. For further test results and references see J. Marin and L. Zwissler— 
“Creep of Aluminum Subjected to Bending at Normal Tempera- 
tures”, Proceedings A.S.T.M., 1940. 





(20) 
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or substituting S, for (Mh/2I), 





5-5. ( 2n+1 ) 


3n 


where S,= the elastic maximum bending stress, 

A comparison of the elastic and creep stress distrib. 
tions can be obtained by placing S, in Equation 19 for its 
value (Mh/2I). Then Equation 19 becomes 


2 1 1/n 
o1ay—(3)" (2884), 





Equation 22 is plotted in Fig. 8 for various values of p, 
An examination of Fig. 8 shows that the maximum bend. 
ing stress in the case of creep is always less than the 
elastic case and that the stress distribution under creep 
conditions is more favorable. 
in the value of n has little effect upon the stress values, 
The important conclusion obtained from Fig. 8 is that if 
bending stresses are calculated based on the usual elastic 
theory (S=Mh/2I) the values obtained will be greater 
than the actual values when creep occurs, and it is reason- 
able, therefore, to calculate creep bending stresses using 
the elastic theory. The creep deflection, however, may 
be a controlling factor in the design of a member sub- 
jected to bending. By using all the assumptions and con- 
ditions considered in determining elastic deflections, ex- 
cept the creep-stress relation of Equation 3 which is used 
in place of Hooke’s law, a theory for creep deflections in 
bending can be developed'*. For a straight member of 


Furthermore, a variation 





Fig. 9—Cantilever beam having an end load accompanied 
by creep 


rectangular cross section (b by h) subjected to a mometl 
M, the differential equation for the creep deflection y # 
a distance x after a time ft is 


a. ae 2 


where for a rectangular cross section 


1 (26)"(h/2 eatel (24 


a (241 /n)" 





Equation 23 is similar to the elastic equation 
EI (d?y/dx?) =M where EI corresponds to D and n=! 
The solution of Equation 23 for the creep deflection ¥ & 
pends upon the beam loading and boundary conditions. 


> . . ; i sub- 
EXAMPLE: The cantilever beam AB in Fig. 9 is 


jected to an end load P and is accompanied by creeP. 4 
determine the end creep deflection, Equation 93, can be 
used if the value of moment M is expressed in terms of § 
Since M = Px, Equation 23 can be written 
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eveloped using a creep rate-shear stress relation similar 


equation 
nd n=l. 
jon y de 





I en Oe ig ee ee (a) 
t dx 

integrating Equation a twice, 
po. io xrite, Be oa ke soe wos Tee aa ae ed Ge a (b) 
t dx on 
D il CX +C2 we a a he waa ere Se ea ee (c) 


7 (ati) (n+2) 


Using the boundary conditions of zero slope and de- 
ection at the support B, 


‘ a. 
* (n+2) 


Pel 
—#— and 
(n+1) 





qQ= —- 


(sing these values of c, and c, the creep deflection y can 





ww be determined completely by Equation c. That is, 
D Prxzr es P«L"'x PrLln (d) 
7 (ntijint2) (ntl) (m2) 0 


The maximum creep deflection y is the deflection de- 
sired. By inspection this deflection occurs at point A 
wherex=0. That is, 


PrLr 
Yas= (¢/ D) EE ete dts ceeht oT pa tit (25) 
To determine the order of magnitude of the creep de- 
fection compared to the elastic deflection, consider a beam 
wih b=1”, h—=4’””", L=36”. The beam is made of a 
Mearbon steel with B= 40 x 10-** (in?/Ib)" per day and 
i=7 for a temperature of 400 C. At the end of ten years 
the treep deflection for an end load of 2000 pounds is by 


Equation 25, 
Ymar>- 103 inch 


The initial elastic deflection is y,=PL*/3EI. Using a 
value of E=30 x 10°, y,=.195-inch. That is, the creep 
deflection at the end of ten years is about 50 per cent of 
the elastic deflection. At the end of twenty years it would 
be about equal to the elastic deflection. As to whether 
this amount of deflection is of practical significance de- 
pends upon the particular application and the clearance 
to be maintained. 


Members Subject to Torsion 


For shafts and other members of circular cross section 
subjected to torsion accompanied by creep it is sometimes 
Necessary to know the stresses and the creep angle of 
A theory for determining these quantities can be 


0 Equation 31°. That is, a log-log relation will be as- 
‘umed between the shear strain and stress, namely, 
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where C, = the shear creep strain rate, S, = the shear 


‘tess, B, and n — the experimental constants. 
=. 


19, Marin, J 
? -—Me hi i i ;, 4 » 
Hill Book, Co. 1940." nag 9 of Materials and Design, McGraw 
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Following the procedure and using the assumptions 
(except Equation 26) made in developing the elastic 
theory it can be shown’® that the shear stress S, at a radius 
r from the center of a bar of circular cross section is 


see (E)(LY(22) 
ssh, J r; 4n 


where r; = the radius of the circular shaft, J = rr,*/2: 
the polar moment of inertia of the cross section, and T 


(27) 
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- Fig. 10—Creep stress distribution in _ torsion 


the applied twisting moment. The maximum shear stress 
S, is at r=r,, or by Equation 27, 











Tr; \ 3n+1 
s.=( ( ) at lee a. 2 (28 
J ) 4n er 
or i 

3 
s.=8..( at De ) A? OP RI AeT A Ae Ye Oe (29) 
4n 

where S,, = the maximum elastic shear stress as usually 


determined. 

A comparison of the elastic and creep shear stress dis- 
tributions can be obtained by placing S,, in Equation 27 
for its value (Tr,/J). Then Equation 27 becomes 





3n+1 ) 
4n 


S.! /S..= (r/n)! “( .. (30) 


Equation 30 is plotted in Fig. 10 for various values of n. 
Fig. 10 shows that, as in the case of the distribution of 
stresses in bending, the maximum creep shear stress is less 
than in the elastic case. That is, the creep shear stress 
distribution is more favorable than the elastic distribution. 
It appears therefore to be satisfactory if the shear stress 
is computed in the usual way using the elastic theory. The 
creep angle of twist, however, may be a significant factor. 

The creep angle of twist for a circular shaft subject to 
torsion can be determined as in the elastic case if Equa- 
tion 26 is used to replace Hooke’s law. Then it can be 
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Fig. 1l—Above—Flange and bolt connection where stress 
relaxation must be considered 


shown!® that the creep angle of twist per unit length of 
shaft is 


me i). 
ae J 4n 


By Equation 31 the creep angle of twist can be deter- 
mined per unit length at the end of a time ft. 

Creep-stress distribution in straight members subjected 
to a combination of axial and bending loads has been de- 
termined by Bailey”®. Another type of simple stress prob- 
lem is that in which the stress and load do not remain con- 
stant with time. This stress condition accompanied by 
creep deformation is called stress relaxation. 


Stress Relaxation 


A number of important engineering parts creep under 
a condition of diminishing stress. Examples of this situa- 
tion are various types of bolted joints and shrink-fit or 
press-fit assemblies. Sometimes stress relaxation takes 
place in a construction made up of several component 
parts. 

For example, the bolts and flange combination shown 
in Fig. 11 comprises two component parts. Initially the 
bolts are stressed to some particular value which results 
in an elastic deformation in both the bolts and flange. 
With a high temperature and with time, a creep deforma- 
tion of the flange and a tendency to deform in the bolts 
takes place resulting in the loosening of the flange joint 
and a stress reduction or stress relaxation in the bolts. If 
this stress reduction becomes large, serious leakage of the 
pipe may occur if periodic tightening of the bolts is not 
provided. The reduction of this maintenance is desir- 
able and can be done by a proper selection of the initial 
20. Bailey, R. W.—“The Utilization of Creep-Test Data in Engineer- 


ing to al Institute of Mechanical Engineers (London), Vol. 
131, 1 ? 
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—Photos, courtesy J. J. Cantor, Crane Co. 


Fig. 12—Below—Tension stress relaxation creep-testing 
machine in which specimen is placed in heating unit 
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ess in the bolt. The selection of this initial stress de- 
s upon the behavior of the material when subjected 
relaxation. For the determination of material be- 
yor under this loading condition many tension-stress 
giuation tests have been made”?. 
are two main types of tension-creep relaxation 
iss) one in which the length of the specimen is main- 
ined constant throughout the test and another in which 
ne controlled amount of deformation is permitted. The 
iiiet type of test is similar in action to that of a bolt and 
iage: Tests of this kind have been made on equipment 
qh as that shown in Fig. 12. In this experiment a speci- 
get is placed in a heating unit and subjected to a par- 
igular temperature and stress. The creep deformation is 
neared for a specific gage length and the reduced 
des is measured by determining the deformation of a 
weigh bar (Fig. 12). The data are then plotted as shown 
in Fig. 13. 

Various methods have been proposed for the interpre- 
aon of stress relaxation test results. Several theories 
lave been developed for predicting the tension-stress re- 
juation condition based on the constant tension load case. 
Using the log-log stress-creep rate relation given in Equa- 
tion 8 for the constant load condition an equation for the 
determination of the reduced stress at a time t can be de- 
termined. It will be assumed that the length of the ten- 
son member remains constant—that is, that there is no 
resultant deformation. This assumption can be modified 
if desired. 

The condition that there is no resultant deformation in 
the tension member may be stated by the equation 


where e = the tensile unit creep deformation that would 
weur at a time t, e,’ = the initial elastic unit deformation, 
aide’ = the elastic unit deformation at time t. That is, 
Equation ¢ states that the reduction in elastic deforma- 
tion (¢,’—e’) equals the creep deformation. Assuming 


2 For a review of such investigations see E. L. Robinson—‘“‘The Re- 


ice to Relaxation of Materials at High Temperature,” Trans- 
dctions A.S.M.E., Vol. 60, Pages 548-554, 1938. 


Fig. 13—Stress relaxa- 
tion curve for SAE 4140 
Pi at 850 degrees 
Ghr, plotted by hours 
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Hooke’s law, the following equations apply: 


(f) 

S. 
where S = the unit stress at time t and S, = the initial 
unit stress. Placing the value of e’ from Equation f in 


Equation e, 


S : 
e+e. (= siete : .. (8) 


Differentiating Equation g with respect to time t, 


)\G)- 


de 4 ( e.’ 
dt S, 


e,' dS 
a PE ee bod: . 
c+(=)( =) 


where C = the creep rate. 
Using the creep rate-stress relation of Equation 3, Equa- 


tion h can be written 


ay dS ; 
r= _— = r : Tr . A oe 
ae (5) (>) 2 


Since e,’=S,/E where E = the modulus of elasticity, 


Equation i becomes 


1 dS 


popes mf 
ar as ses J) 


dt= — 
Integrating Equation j, 


t= ( ie ) ( ei )u-6/s. 


Equation 32 determines the time t required for the tensile 
stress to decrease from an initial value S, to a value of S. 
Fig. 14 shows the values of the stress ratio factor S/S, for 





—Tests by Crane Co. 
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various values of n and for an initial stress S,— 10,000 
pounds per square inch. Graphs such as Fig. 14 can be 
used for determining the possible reductions in stress. 
The foregoing analysis was based on the assumption 
that the length of the tension member remained constant. 
If this is not the case, as in the bolts of the flange and bolt 
connection, the time required for the stress to reduce from 





Fig. 14—Tension stress relaxation diagram 


S, to S is less than that given by Equation 32. Then the 
time can be found by multiplying Equation 32 by a factor 
K. That is, 





K 1 wee 
t= ( ane ) ( Pee )u-/s.) Bc hS jens: (33) 


The value of K in Equation 33 can be determined if the 
relative elasticity of the component parts is known. 





The Artists’ Dream Car 


HERE has been much talk and prophecy in connec- 

tion with increased vision in the postwar automobile. 
The corner windshield and door post long has been a 
bugaboo not only to the driver of the car, but also to the 
designer and manufacturer. Yet this condition cannot 
possibly be as easily solved as our prophets indicate in 
the one-piece, molded, teardropped, plastic roof. These 
artists, and I use that term for it is their greatest claim to 
fame, undoubtedly have been exposed to pictures of bomb- 
ers utilizing plastic noses, gunners’ turrets, and observa- 
tion bubbles on the fuselage of the plane. . 
Without, apparently, any further question or checking 
of the cost and methods of fabrication used in these air- 
craft elements, the artist prophet blithely translates the 


118 


generalities of the idea into the motor éar, showing if you 
please, a one-piece molded section comprising the roof 
windows and windshield all in one. No struts, or sup 
porting ribs, or unsightly rivets, or anything as unromantic 
as that are used. 

To go further, I have never been able to understand 


how we would keep the passengers from having a 


prostration under this transparent top. The sun’s rays 
certainly would penetrate beyond any of the known bene] 
fits of existing air-conditioning equipment. The plastic 
prophet dismisses this with a glib statement that ney 
plastics will filter out all injurious heat rays, providing 
only an enviable tan. 

In this virtual goldfish bowl, despite its supposed ad. 
vantages for vision, I am quite sure there would be , 
strange change of feeling even between riding in the a. 
cepted convertible coupe with its top thrown back, as 
against this hermetically-sealed showcase. In these pic- 
turizations, the artists have eliminated the corner post 
problem and have offered panoramic vision with a ball 
shape windshield to complete the aerodynamic concep 
tion. I have yet to find a proposed design of this type 
that has. considered that drab little problem of windshield 
wipers. That is finally solved, as far as the illustration is 
concerned, by leaving them off. Perhaps they are left of 


the illustration because even the artist realizes that the 


normal swinging-type wiper of reasonable manufacturing 
cost will not wipe a compound curved surface. Further 
the plastic material available is still not suitable for wind. 
shields because the surface hardness is not sufficient to 
withstand windshield wiper action in conjunction with 
the grit and dirt present in rain. 


Engineers To Work Out Problems 


The last jarring detail in connection with the transpar 
ent roof is the showing of a Lucite window pane, within 
the plastic door, closing with its surface flush with that 
of the top. Imagine one die-cut edge of Lucite meeting 
the other die-cut edge of the Lucite top and not leaking 
I am afraid we would have to call upon the highest power 
to eliminate rain before this type of thing would be pre 
tical. I might add that, generally, when the authors 0 
these prophecies are questioned in regard to any of thes 
points, they dismiss them with a wave of their hands and 
say that the engineers will work those things out. Gentle- 
men—are you ready? 

It is entirely possible that some increase in vision could 
be accomplished in the early postwar models through 1 
visions in the existing designs. If we were to widen th 
body further at the cowl and move the heavy door anc 
corner post outward and back from its former position, I 
might then allow for more nearly’ 180-degree driver visi! 
through the use of two safety-glass windshield panels di: 
vided in the center by the usual mullion—each wind: 
shield panel to have a single plane bend utilizing 4% 
tion of not less than 60-inch radius at the three-quatle 
point to accomplish this partial encirclement. This cum 
ature has proved to be the minimum without distortion ot 
vision. Windshield wipers could still be operated on the 
flat surfaces.—From a talk by Brooks Stevens, presentet 
at the National War Materiel meeting of the S.AE. # 
Detroit. 


MACHINE Desicn—August, 19 







































































wing if you 
1g the roof 
uts, or Sup- 
unromantic 


understand 
1aving heat 


sun’s 
hown bene 
The plasti 


t that new 
] providing 


pposed ad. 
vould be al 


| in the ac 


n back, as 
these pic. 
orner post 


rith a ball. 
‘ic concep- 


f this typell 
windshield] 


ustration is 
are left of 


s that the} | 


1ufacturing 
. Further, 
> for wind- 
ifficient to 
ction with 


> transpar- 
ne, within 
with that 
fe meeting 
ot leaking. 
est powers 
d be prac- 
authors of 
y of these 
hands and 
t. Gentle- 


sion could 
rough te 
widen the 
door and 
yosition, it 
ver Visio! 
panels di: 
ch_ wind: 
ng a se 
e-quarte! 





A NUMBER of new liquid thermosetting resins 
have made their appearance during the past two 
years, and have proved their usefulness in ex- 
tending the industrial applications of plastics. The chem- 
ical origins of these resins are varied and, in some in- 
stances, new to the field of plastics. However, they pos- 
“8S certain similarities in physical characteristics, includ- 
ing clear, colorless transparency and the ability to pro- 
duce laminated structures. They are distinguished fur- 
ther by their anhydrous nature and by their ability to be 
hardened by organic peroxide type catalysts such as 
benzoyl or lauroyl peroxide. 

‘he laminates which have been developed from these 
‘sims are of unusual interest to machine designers be- 
‘ause they have made possible materials with strength- 
Weight ratios comparable to aluminum alloys, together 





tortion 
od on the 
i 
S.A.E. it 


rust, 19 


with fabrication techniques which permit the develop- 
Ment of complicated structures in a single operation. The 
"W resins are being used to impregnate glass fabrics or 


Fi : 
% 1 Experimental plane employs balsa as a core 
aterial with face plies of glass fabric laminate 
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Compares with That of Metal 


*By John Delmonte 


Technical Director 
Plastics Industries Technical Institute 


cotton fabrics which are assembled in a suitable form 
and cured “en masse” with heat and low pressure. Plas- 
tics and glass fibers are a particularly unique combina- 
tion. Glass fibers may be drawn to extremely high 
tensile strengths and woven into fabrics. With the 
aid of resin binders these fibers are consolidated into solid 
sheets still retaining the physical advantages of the high- 
strength fibers. 

Considerable research work has been carried out in 
the laboratories of glass manufacturers on the develop- 
ment of high-strength glass fibers. Tensile strengths of 
fibers in excess of 2,000,000 pounds per square inch 
have been attained experimentally, though when woven 
into fabics and resin-bonded into sheets, the ultimate 
values are appreciably lowered. Highest ultimate 
strengths, however, have been realized from special 
fabrics which are laminated together so that there is a 
preferred orientation of the high-strength fibers. 

Resin-bonded glass laminates have been used in con- 
junction with other materials to achieve special charac- 
teristics. For example, glass fabric laminates used as face 
plies and balsa as a core material contribute to a high 
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strength-weight ratio. Advantage is taken of this un- 
usual construction in an experimental airplane, Fig. 1, 
built at Wright Field. 

From the machine designer’s viewpoint this example 
is unique in that it is an outstanding example of stressed 
plastic parts, whereas the working stresses of the more 
common molded and laminated plastics are quite low, 
lying under 1000 pounds per square inch for most thermo- 
plastics and under 2500 pounds per square inch for most 
thermosetting plastics, when based upon elastic limit ‘at 
room temperature. 

Several manufacturers are contributing actively to the 
development of these new resins, and in order to keep 
readers of MAcHINE DesicN informed of the latest mate- 
rials, TABLE I has been prepared to aid their identification. 

APPLICATION OF Resins To Laminates: Before the 
resins are applied to glass or cotton cloth they must be 
activated through the addition of an organic peroxide as 
a catalyst. Best known of these are lauroyl peroxide or 
benzoyl peroxide. The resin is generally warmed slightly 







built up from laminates are prepared by cutting the fabric 
in accordance with templates and then laying the Diece ll 
up on wooden, plaster, or cast metal forms. One of the 
attractive features of these operations from a designer’ 
viewpoint is the absence of costly molds and preg 
which are necessary for the more conventional molding of 
laminating operations upon phenolic or urea plastics 
Typical laminated parts made with these high-streng 
resins are shown in Figs. 2, 3, 4 and 5. F 

Attractiveness of these new liquid thermosetting resin 
lies in the fact that they are intended for very low-pre 
sure laminating. In fact, various parts and equipmen 
now are being prepared in which no more pressure ; 
applied than that obtained under vacuum, Opening wy 




















TABLE | 
New Liquid Thermosetting Resins 
Tradename Types Where Used 


Columbia Resins.. CR-38, 39 


and laminates 


Allymer Resins ... CR-139 Laminates Pittsburgh Plate Glass Co. 
ee igo eee X4000, X4122 Laminates and trans- American Cyanamid Co. 
parent sheets 
‘| La eae a Laminates Caaite & Carbon Chem. 
orp. 

NN OR, oo 2! Senn c% ue Laminates Plaskon Co. Inc. 
Monsanto 38691 ..__........ Lammates Monsanto Chemical Co. 
MR Resins ...... MR-1, 1A, 17 Laminates Marco Chemicals Inc. 


Manufacturer 
Transparent housings Pittsburgh Plate Glass Co. 





to aid the dissolution of the catalyst. After the catalyst 
has been added the glass or cotton -fabrics are treated 
with the resins either by brushing the resins into place or 
by a continuous process involving progressive immersion 
of the fabric and subsequent wiping off of excess mate- 
rial. The resin is furnished either in a liquid or paste 
form. 

The paste form is sometimes preferred because the 
thinner, more liquid resin tends to run off the glass or 
cloth during initial heating prior to final polymerization. 
It also is the practice to include a small percentage of 
flock fibers with the resin impregnant in order to increase 
edgewise compressive strength. Maximum physical prop- 
erties are reached when the fine flock equals 3 to 4 per 
cent of the weight of the resin present. It also may be 
desirable to heat glass fabrics at 200 degrees Cent. for 
two hours in order to remove surface lubricants prior to 
impregnation. Improvements in some physical proper- 
ties are realized, though impact strength is lowered. 

Handling and curing of the impregnated sheets are 
largely dependent upon the size and shape to be devel- 
oped. For example, if flat laminates are being prepared, 
air bubbles are excluded by rollers acting from the center 
outward. The sheets are then covered with cellophane 
or glassine paper and placed between polished metal 
sheets or glass plates. Function of the cellophane is not 
only to prevent sticking to the plates but also to keep 
the materials out of contact with the air. Curved shapes 
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Fig. 2—Employing a liquid thermosetting resin, this 
laminated part is a fillet for an army training plane 


the possibility of using wood or concrete molds. The} 
building up of complicated machine bodies from lan], 
inated plastics appears less remote with the advent uy 
this new technique. 

Curinc Conprrions: The resins discussed in this arte 
are best cured out of contact with air, otherwise the mf 
terials may not fully cure. Temperatures of 240 to oo 
degrees Fahr. are applied generally for a period of tint 
depending upon the thickness, though cure times of 90 
60 minutes are not uncommon. The resulting produ 
converts over to an infusible, insoluble thermosetting ™ 
while curing and acquires some of the excellent ph 
properties listed in Taste II. When properly matt 
there is no evidence of any air or gas entrap 
and no tendency to delaminate if an effort is made to 
the layers apart. Resin contents vary from as low * 
per cent for some glass laminates up to 65 per cet 
some cloth laminates. 


DIsADVANTAGES: Critical examination of the new 
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ure laminating techniques as made pos- 
ble by new liquid thermosetting resins re- 
veals difficulties which may be objectionable 
under certain conditions. For example, op- 
aators handling some of the liquid resins 
nay be allergic to the chemicals present, al- 
tough this minor factor has not discouraged 
tivity. 
There is a tendency among fabricators of 
these laminated parts to use no more pressure 
ian absolutely necessary—contact pressure, 
i possible. As the laminating pressures go 
‘wm a tendency increases for air or gas 
pockets to develop. Likewise the tendency to 


Specific 


Modulus 
ure, 


Property 

Gravity 
Ultimate Tensile Str., psi 
Compressive Str., psi 
Flexural Str., psi 


Froportional Limit, psi 
Water Absorption, 


TABLE II 


Properties of New Glass Laminates Compared with Other Materials 


Glass Laminates*® Grade C** 
New Liquid Thermo- Laminated Aluminum Alloy t 
setting Resins Phenolic 24ST 
1.70 to 1.77 1.34 2.7 
45,000 to 55,000 9,500 68,000 
40,000 to 55,000 38,000 
60,000 to 85,000 20,000 20,000 
Elasticity in Flex- 
i 2.0 x2.5 x10° 
23,000 to 30,000 
% 3 to 5 


1.0 x 10° 10.0 x 10° 
2,500 32,000 
.7to 30 0 


*These are average of several resins in combination with glass cloth. 

*®These are typical values largely reported by Plastics Materials Mfrs. Ass'n. 

+From “Mechanical Properties of Metal Alloys” 
merce, Bureau of Standards 


C-447, U. S. Dept. of Com- 





Fig. 3—Plane parts, such as this engine fairing, are being 
laminated with new high-strength resins 


delaminate may be much more pronounced. There are 
other fabricating problems more significant than these. 
High-strength glass fiber laminates depend upon perfect 
mentation of the glass fibers for optimum results. At best 
this is achieved only in fibers which have been carefully 
combed and laid parallel just prior to laminating. 

While some of the new resins, such as CR-149, have 
made a remarkable gain in physical properties, without 
aly reinforcement of fibers, due to the careful chemical 
search which pointed the way to improved strength in 
organic structures, the importance of the glass fabrics in 
converting these resins to structural laminates should not 

minimized. One cannot overlook, however, the cost 
of glass fabrics—over $1.50 per yard—and the expense 
of the Subsequent laminate. 


Properties: Some of the outstanding physical prop- 


erties of glass fabric laminates which will interest ma- 
€ designers are listed in TABLE II. A metal is offered 
* comparison, together with a more conventional Grade 
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Fig. 4—This is the side gunner’s door for an army bomber, 
molded with one of the new resins 


C canvas-base phenolic laminate. The values for the 
glass laminates were taken longitudinally to the main 
fiber direction. 

TRANSPARENT Varieties: Another field of application 
of some of the new oxygen-hardening thermosetting resins 
which will interest machine designers is the preparation 
of transparent enclosures capable of withstanding higher 
operating temperatures than the previously employed 
transparent thermoplastic materials. Prior to the war, for 
example, there were no transparent organic plastics quite 
capable of withstanding the temperature of boiling water. 
Cast transparent sheets of some of the ester or allyl type 
thermosetting resins now are being used as transparent en- 
closures requiring heat resistance superior to the present 
thermoplastics. These transparent thermosetting sheets 
also are being produced in various colors. 

Appuications: The physical data contained in TABLE 
II speak for themselves in indicating the tremendous 
strides taken by the new resins. Experimental values 


































notably greater are reported for glass fabric laminates. 
In general, three major fields of application have de- 
veloped for these resins: 


1. Flat laminates—low contact pressure 
2. Contoured laminates 
8. Transparent cast sheets. 


It is interesting to note that flat glass laminates bonded 
with MR resins now are being produced by a continuous 


eS San es 


Fig. 5—Included in this picture are three parts laminated 
with liquid thermosetting resins—a navy water breaker, 
an arctic first-aid kit enclosure and a life-raft door for an 
army bomber. All require light weight and high strength 


process. This development will expedite the production 
and further the applications of this material. 

All of the foregoing forms of these new materials will 
be of interest to designers of machines and will extend 
the scope of their efforts. Of course competitive laminat- 
ing techniques, such as shown in Fig. 6, must be taken 
into account. In the figure, the cloth-laminated container 
has been built up at low pressure, using thermoplastics 
in solution form applied by brush. The chief disadvan- 
tage is the time lost in waiting for solvent evaporation, 
but the resulting tough thermoplastic laminates show 
much promise. 
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Fig. 6—Container made from cloth laminate is built 
at low pressure, using thermoplastic in solution form 
applied by a brush 


Development in the new thermosetting resins is far 
from complete, but it is important at this time to recog 
nize the trend. With the aid of these materials, interest 
will grow rapidly in structural applications of plastics. 

Illustrations used in this article were furnished through the 
courtesy of American Cyanamid Co. (Fig. 3); Army Air Forces, 
Fig. 1; and Marco Chemicals Inc. (Figs. 2, 4 and 5). 


AT LEAST TWO AMERICANS invented flying bombs, 
similar to the German robot planes, as long ago as the 
last war. Mr. Lawrence B. Sperry in 1918 filed applic 
tion for a patent covering a gyroscopically stabilized aerial 
torpedo of the airplane type, propelled by an electric 
motor. 

In 1919 Dr. Charles F. Kettering applied for a patent 














on a similar type of flying bomb, propelled by a two-cycle 
gasoline engine and designed to carry several hundred 
pounds of explosives. Direction and altitude in flight 
were gyroscopically controlled and the explosive charge 
was to be detonated after a predetermined flying distance. 
Launching was to be effected by means of a catapult de 
vice on an inclined plane. Patents were subsequently 
granted on both designs. 
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—Photo, courtesy Folmer Graflex Corp. 


9. 1—Aerial camera utilizing geared motor with magnetic clutch and brake, 
driving through flexible shaft 





A LTHOUGH the use of small electric motors on domestic, industrial 

and commercial machines and devices has been widespread, frac- 
‘ tional horsepower motor applications will increase and broaden im- 
agg when peace returns. Machines now operated manually, ma- 
* on the drawing board, and the myriad of machines yet to be 
et” their power from these compact and efficient motors. 
. “ata ications in combat equipment have dramatically proved their 
ty and ty and versatility, and tomorrow's machines will inherit a new 
a : Convenience—a legacy of wartime advancements in engineering 
& which telescoped years of progress into a few months of achievement. 
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Motor-Control Units 


Facilitate Design 


By William H. Fromm 


The Dumore Co. 


Part I—Motion Control 


Naturally, many motor-drive ap- 
plications require no control or 
auxiliary equipment. In this cate- 
gory, for example, are blowers, 
routers, drill presses, and vacuum 
cleaners. However, an impressive 
majority of machines must have in- 
termediate or auxiliary devices and 
controls to modify the motor power 
output. Speed must be reduced, 
varied or otherwise controlled; 
coasting must be eliminated; op- 
eration must be terminated at a 
given limit; motor and device must 
be protected against possible jam- 
ming; and provision must be made 
for a variety of internal and ex- 
ternal conditions which may act 
upon motor or machine efficiency. 

In the past it was the practice in 
most instances to install auxiliary 
controls and equipment separately, 
rather than as an integral step in 
the. process of manufacturing. 
All machine manufacturers weré 

customarily obliged to purchase or build 
speed controls, overload protectors, 
switches and similar devices separately 
and assemble them, with the motor, to 
the machine. Disadvantages inherent in 
this practice are obvious: Divided re- 
sponsibility; weight, space and cost pen- 
alties; and design, procurement and pro- 
duction difficulties. The swing toward 
packaged power units with all neces- 
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sary controls built-in was at least strongly encouraged, 
if not demanded, by design engineers and production men. 
They saw the manifold advantages of integrated drive: 
Responsibility for satisfactory operation centralized in one 
supplier; weight, size and cost reduced appreciably; and 
assembly simplified into a single operation. 

Wartime applications demanded simple and compact 
power drives which could be serviced quickly in the field 
by relatively inexperienced personnel. Such units are 
complete, all-in-one power packages designed and _ pro- 
duced to the machine designer’s specifications and subse- 
quently installed in his assembly by fastening a few bolis 
and nuts, and connecting to the energy source and the 
driven device. 


~—— 


Assembly and Maintenance Are Simplified 


Aircraft manufacturers realized, even before the war, 
the desirability of simplifying assembly with integrated 
units, and (considering the importance of dependability 
to aircraft) the importance of undivided responsibility as 
well. Their insistence that all necessary auxiliary de- 
vices be incorporated into the motor assembly was given 
a new weight and urgency by the sudden necessity of 
servicing military airplanes all over the world, often under 
primitive conditions. An airplane grounded for service 
on a front line airfield was out of action for a period 


measurable by the complexity of maintenance instruc- ~ 


tions and number of spare parts that servicing involved. 

Today many complete power drives are little larger 
than prewar motors by themselves. Relatively complex 
in their construction, the new drives simplify tremendous- 
ly the actuation of such devices as cowl flaps, oil-cooler 
doors, retractable landing gear, aerial cameras (Fig. 1) 
and ammunition boosters (Fig. 2). 

Motor auxiliaries may, for consideration, be grouped 
according to four distinct functions: 

1. Motion control 

2. Motion modification 


3. Protection 
4, Indication. 


Continuous development on integral auxiliaries may add 
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new categories but at present the four are inclusive. 


Rueostats: Rheostats have been used to control m@ 
tor speed for years. Although they have not gene beg 
been supplied as an integral part of the motor, appl Vhe 
tions requiring frequent speed variation might well may 
use of such a combination. 

Essentially a coil of high-resistance wire—chrome 
manganin, nichrome, etc.—with a means of shorting ° 
all or part of the coil, a rheostat provides speed variaagisty 
by varying the voltage applied to the motor or to pat @ Ar 
the motor windings. The applied voltage is reduced bgeont: 
an amount equal to the product of the resistance of . 
rheostat coil in ohms and the current in amperes flow ; 
in the motor circuit. Because the power loss (which A 
the product of the current and the voltage drop gs é 
the rheostat) appears as heat, the wire is frequet 
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—Drive idqund on a heat-resistant core, usually of some vitreous 
booster A. ceramic material. The necessity of dissipating this 
urret utilin a factor to be considered when a rheostat is de- 


19 Combing at a built-in motor component. 

fee @ this type of motion control is best applied to either 

clad nt or series motors but can also be used on shaded-pole 
tors. Rheostats may be connected with motors in a 
variety of methods and combinations, involving either field 
amature or both. The method used is determined by 
ty amount of speed variation required, the permissible 
sload speed, the degree of speed stability required and 
ie amount of power loss acceptable. Rheostat control 
{any type, however, is somewhat inefficient. 

oa Motor applications which could make use of built-in 

J pr, 3 eostat control include motion picture projectors, wind- 

ed take.gng machines, fans, blowers, centrifuges, and dental lathes. 

mployed 

e projec 


Electrical Governors Give Good Control 


Governors: The limiting of small-power motor speeds 
vith governors is by no means new, but new possibilities 
n their application have become apparent in recent de- 
dopment and experimentation. 

Two principal types of governors are mechanical and 
bectrical. The usual type of mechanical governor has 
ping-mounted, centrifugally-actuated weights which ap- 
ly a friction brake when the speed of the controlled 
tor reaches a predetermined value. Although the ac- 
im is nonfluctuating the governor is wasteful because 
wed limitation is accomplished through friction. Conse- 
ently this type is used only on relatively low-power and 

The electric governor appears in several variations, of 
hich the most familiar one is the centrifugal type with 
ping-mounted contacts connected in the motor 
ireuit. When motor speed reaches a_predeter- 
ied value, centrifugal force opens the contacts— 
ith usually are carried on the motor shaft—and 
lmupts the motor circuit. As the motor begins 
slow down past the predetermined high value the 
mtacts close once more to re-establish the circuit. 
e Tesult is an extremely rapid but minor fluctua- 
in (imperceptible beyond very low speeds) near 
he desired speed value. 

Another type of electrical governor control em- 
‘ctor Dwi YS &@ Magnet which is mounted on the motor 
halt and rotates within a thin metal cup or keeper. 
ddy currents set up in the keeper tend to make it 
late in the same direction as the magnet. This 
ontrol mgfendency is transmitted through suitable linkages to 
- general set of contacts, which are in the motor circuit. 
, appliegVhen the force of the rotating keeper becomes 
well maitong enough, these contacts open and the motor 

lows down, subsequently permitting the contacts to 
—chrom@gese and the cycle to repeat. Here again speed 
orting “Puctuation is rapid enough to be discernible only at 
| variatighery low speeds, f 

to pat Another type of governor is that which has its 
duced igemntacts actuated by a blast of air from a fan or a 
ice of BPOWer Wheel on the armature shaft. The air pres- 
eS - w Set up by the blower acts on a spring-loaded 
(which “Piragm or butterfly plate which in turn causes 
op act Contacts to vibrate in the same manner as on the 
rrequesg"ttugal governor. 
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In all electric governors the limiting factor is the action 
of the contacts which make and break line current. To 
reduce arcing a combination of resistors and condensers 
usually is shunted across the contacts, and under certain 
circumstances good contact life can be obtained. In gen- 
eral, however, electric governors have not been too sat- 
isfactory on heavy currents (particularly direct current). 

Nearly all governors, electrical and mechanical, are ad- 
justable (many while the motor is in operation) by the 
turning of a screw. Speed may be varied over a range in 
the neighborhood of 5:1 and will remain constant within 
plus or minus 3 per cent or less at any setting within that 
range. The governor, however, is a speed-limiting de- 
vice only and will not prevent underspeed should the load 
increase beyond the motor rating or the line voltage drop. 

Governors are sed principally on motors of the so- 
called “universal” type to provide, in a motor of small 
frame size, the constant-speed characteristic of the larger 
induction motor. Governor applications were increasing 
noticeably before the war and as improvement continues 
and new types are developed it is logical to assume they 
will be employed even more generally. Their principal 
wartime use is on photographic equipment—sound mo- 
tion picture cameras, projectors (Fig. 3), intervalometers 
(a precision instrument for timing aerial photographs) 
and other timing equipment. 
which may utilize the unique characteristics of governor- 


Peacetime equipment 
controlled motors are: Portable motion picture projec- 
tors, kitchen mixers, recorders, certain types of office ma 


VARIABLE-SPEED TRANSMISSION: In addition to rheo- 
stats and governors there is a third device used to vary 
The small 
transmission in which motor speed is changed by means 


the speed of fractional horsepower motors: 


Fig. 4—-Flame-cutting machine has motor with double-reduction 


worm-gear unit and electric governor 
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—Photo, courtesy Union Carbide & Carbon Co. 








of variable pulleys, tapered rollers running inside a ring, 
or other similar mechanisms. Large transmissions’ have 
long been used on machine tools, ovens, paper machines, 
etc., but a unit for fractional horsepower motors is a re- 
cent development. The newly devised transmission, Fig. 
5, is controlled by a crank which allows speed variation 
over a wide range, and in addition provides mechanical 
reversal of the direction of rotation. One precision war- 
time instrument employs a governor-controlled motor 
driving through a variable-speed transmission to furnish 
a necessary combination of constant motor speed and ad- 
justable output speed. 

Although more expensive and more bulky than rheo- 
stat or governor control, the variable transmission is free 
of the torque loss associated with the former and the high 
maintenance requirement of the latter. 


BrakEs: Not the least important requirement of cur- 
rent devices and postwar designs is quick stoppage to 
eliminate the normal coasting of the driving motor when 
the circuit is broken. Precise positioning of operating 
elements which necessarily is a feature of many machines 
requires the elimination of all appreciable overrun. To 
absorb the kinetic energy of the rotating mass of the motor 
several effective quick-stoppage devices have been 
evolved in the form of electromagnetic, electric and me- 
chanical brakes. 


Motor Brakes Have Become Essential 


In the electrification of cowl flaps or wing flaps or land- 
ing gear, the aircraft designer was confronted with the 
problem of preventing normal motor overrun (which 
might vary somewhat from motor to motor and with at- 
mospheric conditions) from jamming or deforming the ac- 
tuating members after the limit switches had opened the 
circuit. An automatic brake on the motor was an essen- 
tial. The urgent requirement was met and today nearly 
every type of actuating motor on new airplanes is so 
equipped. 

The two principal kinds of electrical braking are dy- 
namic and plugging. The former usually consists of re- 
sistance thrown across the armature with field excitation 
maintained (the motor momentarily acting as a generator 
—the resistance serving as a load). This 
method does not provide rapid braking un- 
less the resistance across the armature is re- 
duced almost to zero, and such a reduction 
produces high currents detrimental to wind- 
ings, commutators and brushes. A system 
of relays is required. Dynamic braking is 
most useful for gradual braking. 

Plugging, the second type of electric 
braking, involves the momentary reversing 
of the polarity of the motor windings. Also 
available is a so-called plugging relay, 
which reverses the windings and opens the 
circuit at the precise instant the rotor speed 
reaches zero. Plugging for quick stoppage 
naturally produces high currents in the 
windings and if used repeatedly would 
cause the motor to overheat. Neither elec- 
method, however, will hold the motor shaft 
once it has stopped. 
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Fig. 5—Small variable-speed transmissions are now combined 
universal motors, giving a compact and efficient assembly which does 
not have the torque loss or high maintenance of other units 






Mechanical brakes, while fairly Satistactory, are dig 
cult to make automatic. The manually operated fricti 
brake is the simplest type but the complexities aaah 
in providing remote operation for their application 
small motors precludes the consideration of mechanic 
brakes for motors in this range. ; 


The electromagnetic or, more simply, Magnetic brab 
Fig. 6, is most suitable and practical for incorporation 
fractional-horsepower motors. Basically it Consists of ty 
friction surfaces held apart by magnetic force while ¢h 
motor circuit is energized, and forced together by sprin 
action when the circuit is opened. A variation, whic 
may be used when the motor is in operation for longa 
periods than it is standing idle, is to hold the surface 
apart by spring action and engage them magneticalh 
In either case the stopping time, which is a function ; 
the tractive effort of the magnet, is determined by th 
size and design of the springs and the number of ampere 
turns of the magnet winding. 


When the design utilizes magnetic force to hold th 
brake open, the magnet winding may be connected j 
series with the motor winding to insure (through th 
high starting current) immediate release upon starting 
Even better, however, is a compound winding—one a 
in series with the motor and one coil across the line, 
arrangement provides positive brake action on starti 
and under load as well as under light loads when t 
current Howing in the series coil is low. The brake wi 
ing of course consumes some power and therefore sligh 
ly reduces the overall efticiency of the motor. 


The three principal types of brakes, mechanic 
speaking, are disk, internal-expanding and external-cm 
tracting. The first employs a disk mounted on the amis 
ture shaft and engaging a surface fixed to the motor fram 
In some designs the disk is fixed rigidly to the shaft a 
the entire armature moves axially, but a superior des 
couples the disk to the shaft through a spline. 


coupling permits a positive radial connection and leave 


the disk free to move axially while the armature retails 
its normal position. Still another type of design provides 
for a disk fixed to the shaft to engage a spring-drive 
plate attached to the frame. 

The internal-expanding brake provides braking actio 


with 


—Photo, courtesy Graham Transmissis 
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Y, are ditfl fig. 6—Right—Aerial- 
ated frictigl camera motor showing 
ies inyolyg magnetic clutch and 
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‘ing-driven 
through contact with the inner surface of a brake drum 
ing actif fixed to the armature shaft. This type generally is shorter 
than an equivalent disk brake but slightly larger in diam- 
tter. The third type of mechanical brake, external-con- 
bie acting, makes use of shoes which engage the periphery 
nits oadrum. This type is larger than either of the other 
ansmissiog 1P°S—disk or internal expanding. 
ij =Metal-to-metal contact between the disk or shoes and 
oF braking surface is sometimes used, but the problem 
4“ combining a relatively high coefficient of friction with 
long brake life is best met through the use of some brake 
lining material such as asbestos or cork. Cork pads riv- 
sed to the disk or shoes have proved thoroughly satis- 
og ry in gruelling aircraft service. Quick stopping, 
Mithin about 20 to 40 revolutions of the armature from 
speed of 10,000 revolutions per minute, can be ob- 
Mhed from small brakes. For example, one such brake 
= into a 1/20-horsepower intermittent-duty motor in- 
eeased the overall motor length by a mere %4-inch. 
The possibilities opened to peacetime machine design 
compact magnetic brake are stimulating to the 
fagination. For example, a coin-operated vending ma- 





ined with 
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chine with a precise operating cycle would be a natural 
application. A portable motion picture projector might 
well employ the quick-stopping principle to the still-view- 
ing of single frames. Rapid braking between operations 
would speed up the operating cycles of many light ma- 
chine tools. 


CiutcHes: The clutch is one of the most versatile and 
useful adjuncts of a fractional-horsepower motor. Some 
machines have a low-inertia or high-friction characteristic 
adequate to the provision of quick stoppage when 
the momentum of the motor armature is eliminated by 
disengaging the armature from the output shaft. On high- 
inertia machines a clutch is frequently used in conjunc- 
tion with a brake to produce more rapid stopping. 

A clutch may also be used to stop actuation of one por- 
tion of a device while operation of another portion is con- 
tinued. Freewheeling clutches permit manual operation 
of machines driven by motors through irreversible gear- 
ing. Still another use of the clutch is to permit the arma- 
ture to reach full speed before absorbing a high starting- 
torque load. (Slip clutches will be discussed in Part II 
of this series under the heading of Protection.) 

Of the two main types of clutches the electromagnetic 
is most commonly used in small motors. The principle is 
the same as that of the magnetic brake, with the driving 
surface fixed to the armature shaft and the magnetically- 
operated driven surface mounted on the driven shaft. 
These surfaces, frequently cork-lined, are usually disks, 
the one on the driven shaft driving through a spline which 
permits it to move axially in response to the impulses of 
the magnet. The clutch is so arranged that the magnet 
is energized when current flows in the motor windings 
and disengagement is accomplished by springs. A clutch- 
brake combination on a 1/6-horsepower motor stops the 
driven shaft in 12 revolutions from 10,000 revolutions per 
minute. Magnet windings generally are compounded to 
insure holding under all motor loads. Instead of disks, 
toothed or ribbed clutch surfaces are sometimes employed 
where clutch slippage cannot be tolerated. 

One mechanical clutch design makes use of weighted 
clutch shoes movably fastened to the armature shaft and 
restrained by a garter spring. When centrifugal force 
overcomes spring pressure the shoes engage the inner sur- 
face of a drum fixed to the driven shaft. This is the type 
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often used to break loose heavy loads. 

A spring-loaded ratchet clutch has teeth arranged so 
that the output shaft of a geared motor can be turned 
manually in the driving direction when the motor is not 
operating. This type is used in a 1/6-horsepower am- 
munition booster motor, Fig. 2, to permit manual loading 
of machine-gun ammunition belts otherwise made impos- 
sible by gearing. 

Many an interesting possibility will occur to the de- 
signer of postwar machines when he considers the poten- 
tialities of the built-in clutch. For example, a motion- 
picture projector motor can drive both the mechanism 
and its cooling fan, with provision for disengaging the 
output shaft by unclutching to stop the projector opera- 
tion, yet leaving its fan engaged and operating to pro- 
vide cooling air. Again, a calculating machine motor can 
include a clutch to disengage at the end of each opera- 
tion so that the cam will not overrun. 


SwitcHeEs: The electric switch is, perhaps, the most 


familiar of all motor control devices, yet its use as a part 
of the controlled motor has been limited pretty much to 
portable tools and machines requiring simple on-off or 
reversing switch: control. 






























ss, 


Fig. 8—Limit switch mechanism employed in aircraft 
cowl-flap motor 


In many machines, to be sure, the motor is so located 
that the on-off switch cannot be built into it. There are, 
however, other ways in which switches can be used to 
increase the utility of the motor and reduce external com- 
plications; for instance, automatic control (which will be 
discussed later) and limit switches. 

The purpose of the limit switch is to open the motor 
circuit when the driven mechanism reaches its limit of 
travel. Scores of devices operate for a fixed number of 
revolutions or seconds, or a member travels an estab- 
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lished distance. For such applications, motor Witch 
can be arranged to trip at the end of the cycle, Th 
technique is similar to the use of stops on a lathe to ling 
the length of cut. Small switches with relatively high 
current-interrupting capacity now are available, lending 
themselves readily to installation in motors. Their » 
eration in conjunction with motor-actuated cowl flaps 
wing flaps, and similar mechanisms has proved extremeh 
cependable—even at high altitudes. 


Cams Operate Limit Switches 


Of the various methods of associating switches wit 
the output shaft, that most frequently encountered e, 
ploys a cam geared to the shaft, Figs. 7 and 8. Since ty 
amount of reduction is considerable, the cam itself tun: 
through a relatively short arc, usually less than 180 ¢& 
grees. Another technique utilizes a screw and travelling 
nut—to drive the switch-operating lever through a yoke 
In most small motors the switches can be connected di 
rectly in the motor circuit. Where motor current is heavy. 
external relays can be used with the built-in switches 
handling only control current. 

To take care of variations in the machine, intem 
screws or external levers are provided to afford an ad- 
justment for limit switches. The surest way to prevent 
recycling with cam-operated switches or switch damg 
with lever-operated switches is to incorporate a brake it 
the motor design. Motors not employing a brake for this 
purpose ordinarily make use of long-lobe cams or switche 
with provision for substantial overtravel as a safety factor 


AUTOMATIC CONTROLS: Several aircraft accessories 
are used to control temperature. Cowl flaps regulate e- 
gine cylinder temperature, oil-cooler doors regulate dl 
temperature, while intercooler doors regulate the temper 
ture of supercharged air before it is fed to the carbue 
tors. In actual practice the pilot observes the temper 
ture on an indicator before him and presses a button 
operate the motor which adjusts the position of the fa 
or doors regulating the temperature in question. Obi 
ously a method which relates motor control directly 
temperature would relieve the pilot of several duties au 
provide more accurate temperature regulation. After « 
period of development, automatic motor controls have be 
come available—controls responsive to temperature, pie 
sure or speed. As yet, however, the control unit canntt 
be built into the motor conveniently but is compa 
enough to be attached to it, making an integral assembly 

Primarily the unit consists of an element such as a bi 
metallic strip or liquid-filled bulb which is sensitive to the 
condition to be controlled, and a system of relays 
switches which translate impulses from the sensitive de 
tector into motor operation of the regulating mechanist 
The detector of course may be located remotely from 
motor with the impulses transmitted by wires or 4 tube 
An important feature of the unit must be a et: 
“dwell period” to prevent extremely frequent cycling 
hunting of the motor. ; 

Other types of automatic controls include photoelect 
units, time switches, and eventually, perhaps, wire 
systems. nae 

Built-in auxiliaries for motion modification, protection 
indication will be discussed in Part II of this series to be 
lished next month. 
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By E. H. Kelton 


Development Engineering Division 
The New Jersey Zinc Co. 


Wik properly designed and produced, machine parts such as those 
pictured in Fig. 1 may be made of sintered brass powder at consider- 

able savings. However, like all other fabricating processes, brass- 
powder metallurgy has inherent characteristics which must be understood by 
the designer before he can utilize the benefits of the process fully. 

: Brass, one of the most commonly used metals in wrought form, has re- 
ceived little attention in powder form in spite of its desirable properties after 
sintering. Early trials of brass powder by commercial fabricators indicated 
that atmospheres generally used in sintering iron and copper powders were 
hot suitable. However, laboratory investigation has revealed several atmos- 
pheres which are satisfactory and, accordingly, this factor no longer should 
impede brass powder development. 


ALLoys: As a generic term, brass covers literally dozens of compositions 
of copper and zinc, often with one or more other elements (lead, iron, tin, 
nickel, etc.) added in relatively small quantities. All of these compositions 
~y be fabricated by powder-metallurgy methods. Many variations of 
straight brass powders have been studied and laboratory tested and some of 
them have shown unusual properties but, for the sake of clearness, only 70-30 
and 90-10 brasses with minor alloy modification will be considered in detail in 
this article. 

For certain purposes, elements are added to wrought brass which make 
the melting, casting, rolling, and perhaps even the fabrication more difficult 
and hence increase the cost of the finished parts. In brass-powder metallurgy, 
however, there are cases where the addition of other powders to brass powder 
by mechanical mixing causes no significant change in fabricating properties 
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Fig. 1—Made via brass 
powder metallurgy, the ma- 
chine parts pictured above 
demonstrate the range of 
shapes which can be pro- 
duced on a mass production 
basis. (Photos by courtesy of 
Powder Metallurgy Corp.) 
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FIG.3 


Figs. 5a and 5b—Holes parallel to longitudinal axis 
can be cored. Others must be drilled after sintering 


Fig. 2—Most economical are parts of longitudinal 
section having lateral projections at only one end 


Fig. 6—Section of least density for part (left) made 
in single-action die; (right) made in floating die 


Fig. 3—When design permits, such undercuts in the 
direction of pressure application should be avoided 


Figs. 4a and 4b—Short or long sections in the Fig. 7—Density variations in this type of part can be 


direction of pressure application may ‘be produced 


and the troubles of wrought brass processing are avoided. 

ATOMIZING: Production of brass powder by atomizing 
a molten alloy insures homogeneous structure and great- 
ly increases the ease of obtaining excellent properties in 
the final sintered compact. Inferior results generally are 
obtained when mixed copper and zinc powders are used 
for making the compact. However, it is practical to add 
certain third elements to atomized brass powder. 

Although in atomizing brass powder a wide distribu- 
tion of particle size results, it is feasible to narrow this 
range by screening or other methods of separation. Some 
control of particle shape also is possible. For practical 
purposes, however, the powder particles are of irregular 
or spherical shape with rather wide size distribution. Only 
— 100 mesh powder will be treated specifically here. 


Properties Depend on Many Variables 


Properties: Mechanical properties of sintered brass 
compacts depend on particle shape, size distribution, sur- 
face .condition, compacting conditions such as pressure, 
speed, lubrication, and die design, and on control of sin- 
tering atmosphere, temperature, and time. Assuming 
reasonable control of these factors (which are problems 
of the powder producer and powder fabricator), the 
properties shown in the table “Properties' of Specimens 
Made from Brass Powder”, may be expected in test speci- 
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minimized by proper design of the compacting die 


mens as sintered under laboratory conditions. Prope 
ties obtainable in commercial articles will fall short 4 
those shown by an amount dependent on shape, tool d 
sign, lubricant, and control of sintering. 

Sintered brass compacts are not subject. to aging effeds 
and hence are stable in dimensions and properties. Thei 
corrosion resistance is similar to that of wrought bras. 

It will be seen from the properties listed in the table 
that brass compacts have yield strength and modi 
similar to wrought brass and general properties not wide 
ly different from those of cast brass. 

Where close dimensional tolerances are needed, compat 
as sintered often are re-pressed or coined. This increas 
tensile strength and density and reduces ductility. 

Dimensional tolerances to be expected on compact ® 
sintered are plus or minus .004-inch per inch on the fem 
ameter and plus or minus .008-inch per inch in the dire 
tion of pressing. Re-pressing or coining will improve te 
tolerance on diameter to plus or minus .0005-inch be 
probably will not alter the tolerance in the direction 
pressing. Even closer tolerances can be maintain 
cost proportionately more. 

Re-pressing may be used also to increase density whet 
maximum density is required. On the other hand, 
neither maximum density nor maximum strength am 
tility are necessary, simplification of fabricating por 
dure and some economy in metal weight can be re 
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ough compacting at somewhat lower pressures. 
PracticaL SHapEs: Powder-metallurgy dies generally 
work on a straight-line principle. Therefore, parts which 
an be made most economically are those with columnar 
mgitudinal sections having lateral projections at one end 
nly (Fig. 2). Undercuts in the direction of pressure 


SECTION OF LOWEST DENSITY 
AND LEAST STRENGTH. 















FIG.6 FIG.7 





application (see Fig. 3) should be avoided. 

The longitudinal section may be extremely short com- 
pared to the transverse dimension. An example of this is 
shown in Fig. 4a. On the other hand, as indicated in 
Fig. 4b, it may be several times as great. 

Holes parallel to the longitudinal axis may be cored 


Properties of Specimens Made from Brass Powder 


70-30 Brass— — —_—+¥— ——— a 


Specimen A Specimen B Specimen A Specimen B- 


ting Pressure (tons per sq. in.) 30 
Sitering Temperature (deg. C.) .... 900 


STANDARD TENSILE BARS 
_ Point (psi, .2% offset) 15,900 
stic Modulus (10° psi) ... ee 18.2 
‘asile Strength (psi) coeseses 29,100 
tnsile Elongation (% in 1-in.) 11 
nell il Hardness No. (10-mm ball, 250 kg load) 43 
y (grams per cm?) . 


bina 4-IN. SQ., 3-IN. LG. 
: a Strength (psi) 
y Impact (unnotched, ft.-Ib.) 


"B wo 100 dee (10-‘mm per deg C) 


PECIMENS % BY \%-IN. BY 8-IN. LG. 
*etrical sted at 25 deg C (% of Int’] Annl’d. 
P here :) — ~ 22.11 
CIMENS %-IN. DIAM. BY .45-IN. LG. 
Strength (psi, 10% compression) . _. $8,300 


e 
Pulled through without fracture. 
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50 80 30 50 80 50 
900 850 850 920 890 910 880 


18,800 8,600 ll, 500 14,100 9,200 10,300 
16.3 11.9 J 16.7 11.4 12.9 
32,000 34, 28, 27,400 29,700 

43 $1 34 

35 38 35 4] 
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26,000 24,800 25,000 23,500 
25° 1] 13 25° 


18 » . 17.1 
19.5 17.9 18.4 


19.06 33.24 35.75 14.35 


43,200 29,500 31,600 34,600 39, 31,400 
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(Fig. 5a), but those not parallel must be ma- 

chined after sintering (Fig. 5b). 
Brass-powder parts having optimum, uni- 

form properties are difficult to produce when: 


1. The pressure axis is great with respect to the 
transverse axis. More and more of the ex- 
ternal pressure applied on the powder is ab- 
sorbed in die friction and powder particle fric- 
tion as the distance from the surface increases. 
Thus, as shown in Fig. 6, when a single-ac- 
tion die is used, density and strength decrease 
as distance from point of pressure application 
increases. If a floating die is used, then 
density and strength will be poorest at the 
center. 

. Sections of different length in the direction of 
compacting exist. If the part shown in Fig. 7 
is round in cross section so that it cannot be 
compacted except in the direction of the ar- 
rows, and a single bottom punch is used, then 
the densities in the two legs will be less than 
that in the center portion. In addition, the 

different sections will 
have unequal shrinkage 
in sintering and distor- 


lo 


Fig. 8—Left—Dem- tion will result. How- 
onstrating the duc- ever, these  disadvan- 
tility of 4-inch tages can be overcome 
square sintered hy using three lower 


bars of 70-30 brass 
powder. Can be 
bent through 189 
degrees or subject- A more usual ex- 
ed to a 720-degree pedient in difficult 
twist fabricating operations 
is to subject the part to 
re-pressing or coining 
after sintering. This offers the added advan- 
tage that lower original compacting pressure 
may be used, with less danger of tool break- 
age. In many cases the compacting tools may 
be utilized for re-pressing but when cored 
holes or cavities are present it usually is nec- 
essary to install other punches for re-pressing. 
Some powder fabricators feel that in the 
present state of development of powder met- 
allurgy, the largest field lies in those articles 
in which optimum properties are not neces- 
sary for the utility of the part; i.e., in parts 
which can be compacted at the lowest pres- 
sure providiug adequate green strength and 
which can be re-pressed after sintering when 
close dimensional tolerance is desired. 


punches, each having a 
different length. 


Sizes: Brass powder compacts, in order to 
have sufficient green strength to be handled, 
should be pressed at 25 tons per square inch 
or higher. Fabricating difficulties increase 
rapidly when unit pressures of much greater 
than 50 tons per square inch are used. There- 
fore, the size (cross section normal to direc- 
tion of pressure application) of a part to be 
considered for powder metallurgy is limited 
only by the size of the press available, bearing 
in mind the unit-pressure limits stipulated. 
Length in the direction of pressure ap- 
plication is limited by design factors al- 





ready discussed and by the press stroke. Most powdey 
have a compression ratio in the order of 2.5 to | 
Press strokes vary widely depending on type but raph 
exceed 8 inches except in hydraulic machines. 

Economies which may result from the utilization of 
brass-powder parts include: Elimination of machining 
reduction of inventory stock; elimination of expensivg 
metallurgical processing; reduction in weight; and reduc 
tion of scrap loss. 

In the final analysis, the decision to use brass powde 
must be based on one or both of two factors: (1) Econ 
omy, (2) some unique feature of brass-powder met 
lurgy which permits the solution of a particular problem 


Powder Metallurgy 
Opens New Fields for Copper 


OWDER metallurgy appears to have a clear advap, 

tage over other processes, regardless of the metal in 
volved, in the production of such items as: Clutch plate 
or friction metal generally, bearings and bushings (es 
pecially porous types), filters, tungsten filaments, Alnic 
magnets, hard carbide tools, bimetals, contact element, 
small gears, copper-carbon brushes, irregular contow 
cams, and paint pigments. 

This was the view expressed by Dr. D. K. Crampto 
at a recent meeting of the Metal Powder Association 
After stating that the 1943 total copper powder produ 
tion (7500 tons) amounted to slightly less than one-ul 
per cent of the 1941 total production of other primay 
forms of copper, Dr. Crampton remarked that while iti 
exceedingly difficult to give accurate predictions, ft 
the nature of the powder metallurgy process and the type 
of articles which have been found suited to it, future p> 
duction of copper powder will most likely exceed the 0 
half per cent figure and will in fact probably be 
than 1 per cent of overall copper production. He 
expressed the thought, however, that there appears il 
likelihood of copper powder production growing bey: a 
figure of 2 or 3 per cent. 
















Wrought and Powdered Forms Serve Different Fi 


Of all the items for which powder metallurgy 
suited, Dr. Crampton feels that it is primarily in 
ings and bushings that the process has made serious 
roads in the fields covered by ‘cast or wrought methods 
In his opinion, the great preponderance of things made 
from wrought copper alloys do not lend themselves 
to the powder metallurgy procedure. On the other 
the articles which currently are made from copper oF id 
per alloy powders are for the most part ones which have 
not heretofore been made by wrought procedures. 

Referring to the attitude of men in the wrought cop 
per industry toward powder metallurgy, Dr. Cramptit 
said: “It is my opinion that powder metallurgy of ys! 
per certainly cannot be ignored, and I am equally of; 
tain there is no sense in fighting it. Therefore, the 
copper industry might just as well embrace it “ 1 
probability is they will gain more than they will lose by 
doing”. 
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By E. D. Beachler drive gearbox and the longitudinal feed transmis- 
Beloit Iron Works sion gearbox, and better controls were provided the 
rich have operator for “jogging” and controlling both the 
res. longitudinal and ring-drive motors. 
ht cop NTIL the war there had not been any crankpin lathes The result of this design is shown in Fig. 1. Since 
Crampton made in this country on a commercial basis but there that time, still further improvements have been in- 
y of cop the d ~ g f — European-built machines in operation. With corporated which will be discussed in detail later. 
ally cer. esirability of this type of machine established by the few The principle of these machines is best under- 


| ‘ “a development was started on a machine patterned after 
uro 
and te pean type. This lathe, however, had several defects. Fig. 1—Top—Crankpin turning lathe achieves high 


redesion; ' ?, fonagt 
ose by # ; “signing, the gear which drives the cutting ring was en- production and precise operation with highly auto- 
» Improved lubrication was installed on both the main matic controls and novel design features 
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Fig. 2—Above—Trunnions for holding crankshaft in position have 
chilled cast-iron pads, giving better wear service*than hardened steel 


Fig. 3—Below—Accuracy of machine depends upon main ring bearing 
and its proper lubrication. Gearing units at right are bench assembled 
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stood by comparison with a conventional egg 
lathe. In a conventional lathe it is Necessary ty g 
up the crankshaft off center on the center line off, 
the pin diameter. Then this large mass jg rotated 
off center to turn the cheeks, heels and pin dian. 
eter of the crankshaft. This means that Cutting 
speeds are low and the amount of feed js smal] be. 
cause of the difficulty of supporting the work rigid. 
ly enough to stand heavy cuts. 


Tools Travel Around Crankshaft 


In contrast with that, the crankpin turning lathe 
supports the crankshaft in a stationary position off , 
stanchions. The main bearings are supported byl; 
sets of V-blocks which put the center line of th 
main beatings on the center line of the rotating ring 
when throw is set at zero. The particular crankpin 
to be machined is set up with the throw horizontd 
Exact amount of the throw is determined by mov- 
ing the ring housing with respect to the carriage o 
the bed in a direction at right angles with the long. 
tudinal axis of the machine. To machine the pip 
itself, the crankpin is then located on the center 
line of rotation of the face plate. The ring rotates 
around the crankpin with the tools moving and th 
work being stationary. 

By means of a radial feed, the two tools on th 
tocl slides can be moved in and out to the cutting 
diameter as required by the particular operation. 10 

machine the length of the pin and the dis 
tance across the heels, the carriage and rig 
housing assembly are moved longitudinally » 
the main bed. Additional steady rests sup 
port the overhung ends of the crankshaft in 
addition to the two stanchions which are clos 
to the work being machined. 

When one pin is completely machined, 
either the carriage is moved along on its bel 
to machine the second pin, or the crankshal 
is shifted in the stanchions to the new po 
tion to accommodate the next pin. After the 
first pin is machined, a protractor is attached 
to the crankshaft and remains until all te 
pins have been machined. This protractors 
provided with an accurate machinist'’s level 
and is graduated in degrees. The first thov 
is set on zero. Next, the operator moves the 
protractor through a suitable number of af 
grees to give the difference between the fit} 
and second pins to be machined. Then t 
crankshaft is rotated until the level reads 2 
again, putting the pin in its correct posit 

Taking up the detail parts of the machi 
the bed has Hat ways and heavy construct 
These ways are flat for ease in machining 
scraping to a level surface. The bed was d 
signed so that it would accommodate 
main ring housing carriage and at the sant 
time provide for the necessary stanchions. 
the larger sizes of the machine, the bed ws 
extended so that the outboard steady wes 
also are accommodated on a reduced sect 
of the main bed. In the case of the P 
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nal engin ing lathes, extension Hoor plates were used 
Sry to sill for the outboard steady rests and were grout- 
ad directly into the concrete. The stanchions 
supporting the work are of a design to clamp 
the main bearing journals adequately during 
the various machining operations. By com- 
‘ao the stanchions in Figs. 1 and 2, it can 
be seen that special spacer blocks have been 
added in Fig. 2. These blocks are changed io 
,commodate various shaft diameters and are 
t sgpecial chilled cast iron in place of hardened 
deel which was used previously. The new 
‘ning lathell tocks have been found to stand up much bet- 
osition olf r under the wear and abuse received in hold- 
ported b ing and changing the crankshaft from posi- 
ine of thel ton to position. 
tating ring The main carriage is fitted with adjustable 
T crankpin sibs which bear against the sides of the center 
horizontal of the main bed. These gibs are close to- 
1 by mov. gether to keep the carriage in alignment as it 
‘arriage On moves longitudinally. The carriage itself is 
the longif provided on the outside ends with adjustable 
1¢ the pial ghs to obtain the proper clearance and, in 
the center the case of the smaller models, to prevent 
ing rotates lifting of the ring housing during machining 
ig and the operations. In the case of the largest ma- 
chines, the weight of this housing is sufficient 
ols on the to prevent any lifting since the machines 


he cutting weigh between 225,000 and 250,000 pounds 
ration. Toff total, 


1 the dis 
and ring Does Not Affect Alignment 
dinally 
rests su Moving parts on the carriage that come in 
nkshaft nf contact with the bed are provided with lubri- 
1 are close B cation from a pump which moves with the 

cariage. This particular pump operates when- 
machined, § ever the carriage is moved longitudinally in 
on its bel §rapid traverse. The nature of the lubricant 
crankshat fis such that it is difficult to wipe off and will 
new po § maintain a film of lubrication with a small 
After the supply. This is important since it is not pos- 
s attached sible to collect the lubricant again and recir- 
Hil all the§ culate it due to the nature of the machine. 
otractor sf This lubricant is not supplied during a longi- 
ist’s level tudinal feed cut because it is important that 
first thov§ the oil pressure should not build up enough 
moves tie actually to lift the carriage and destroy the 
yer of de axial accuracy of the ring housing assembly. 
n the fis} To set the stroke, a motor and handwheel 
Then th adjustment move the ring housing on the car- 
reads et nage. Both the motor, which is used for 
t positia § cross traverse, and the handwheel, which is 
. machin wed for fine adjustment, are connected to a 
astructol § Worm gear and screw assembly which move 
ining a4 the ring housing with the nut secured to the 
d was d+ ting housing base. Provision is made so that 
odate HB only the motor or the handwheel is connected 
the sa '0 the worm unit. When the motor is con- 
hions. 1 tected, the handwheel is disconnected so that 
, bed WH the operator could not be injured by having 
ady res the handwheel driven by the motor. If the 
od sect handwheel is connected, the motor is dis- 

connected so that, here again, the operator 
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could not be injured it the motor were accidently started. The push- 
button control for the cross traverse motor is located on the carriage, 
close to the handwheel for the convenience of the operator. 

In the latest machines the ring housing appears symmetrical. The 
necessary gearing and drive equipment is located on the right-hand 
side facing the ring housing and the opposite compartment is used 
for the electrical and lubricating equipment for the main-ring hous- 
ing. Oil equipment consists of an oil pump and large filters together 
with the necessary pressure regulators and pressure gages to control 
the flow of oil. Oil is supplied to several points on the main-ring 
bearing which is shown in Fig. 8. At the left-hand center of this 
photograph are a number of pressure gages which indicate the oil 





Fig. 4—Main-drive motor is flange mounted to ring housing as shown 
in this rear view of the main-ring carriage 


pressure before and after the filters, in addition to the pressure in the 
lines supplying the main bearing and gearbox bearings and gears. 
By reading the differential across the filters, the operator can deter- 
mine the proper time to clean the oil filters. 

Particular care was taken in the design of the main bearings and 
their lubrication so that oil is supplied at the correct points to main- 
tain the proper oil film. Since this main ring bearing is the “heart” 
of the machine, it is particularly important that the accuracy built 
into it can be maintained. It has to take a radial load, thrust in both 
directions at times and also a vertical lift load during certain portions 
of the ring revolution. The accuracy with which a crankpin can be 
turned is no better than the accuracy of this bearing. Since it is 
larger in diameter than the hole in the ring, every care was taken to 
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Fig. 5—Duplicate Joperator's panel is 
installed on back side of smaller machine 


see that proper lubrication was obtained. 
Crankpins as large as 20 inches in di- 
ameter have been turned on these ma- 
chines with less than .001-inch out of 
round. 
To prevent chips and dirt getting into 
the inside of the ring housing, special 
seals are built into the rotating parts of 
the face plate. All around this large 
plate and the corresponding one on the 
back, combination felt and labyrinth 
seals are used to keep the chips and 
dirt out. 
The ring is driven by a combined 
variable-voltage motor field-control elec- 
tric drive. In the case of the large ma- 
chines, a motor generator set is mounted 
in the top of the left-hand compartment 
on the ring. Since the ring housing 
moves with respect to the floor, this 
means that only alternating-current pow- 
er lines are brought to the ring housing. 
The main drive motor is flange mounted 
on to the ring housing as shown in Fig. 4. 
In the gearbox shown in Fig. 3, 
double reduction gearing is used to con- 3 
nect the motor to the ring face plate. To ans 
control the ring itself, pushbuttons are 
located on the operator’s panel. In the case of the large which works on a radial feed screw going from thet 
lathe, an additional pendant pushbutton is used which holder into a gearbox mounted on the face plate. ‘ 
can be swung to the position of the operator whether he screw is driven by a worm gear assembly which, in t 
is working on the front side or the back side of the ma- is driven by a spur gear pinion. Whenever this ie 
chine. On the smaller machine, a second operator’s panel rotates, the radial feed screw is turned which, ma 
is installed on the back side as shown in Fig. 5. moves the tool holder in or out on the cross slide. iif 
last design, a slip clutch has been incorporated betwe 
the worm gear and radial feed screw. This clutch 
vides protection in case the tool holder reaches eitheh 
of its travel or in case the tool is jammed against the 
The pinion on the worm shaft of this gearbox is m 
with a large diameter gear mounted on the face fi 
This large gear is free to turn on the face plate n@ 
direction. If this large gear is stationary with resp ‘ 
the face plate, there will be no radial feed. If it 
faster than the face plate, the radial feed screw 
turned in one direction. If it moves slower than the! 
plate, the radial feed screw will be turned in the op : 
direction. Fig. 6 shows an elementary diagram 
gearing arrangement. 
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Pushbuttons Are Located at Each Station 


With these controls, the operator can “start”, “stop”, 
“inch forward” or “inch reverse” the ring face plate. On 
the same panels, other controls operate the radial rapid 
traverse motor, the longitudinal rapid traverse motor and 
the longitudinal direct-current feed motor when used. 
Duplicate pushbuttons are provided at each operator’s 
location. The controls are interlocked so that if oil pres- 
sure is not available to the main-ring bearing and gears, 
it is impossible to start the ring face plate. Red and 
green indicating lights show that lubrication is either “on” 
or “off”. 

Main difference between the original lathes and the 
latest types is in the manner of radial feed. On the first Differentials Provide Feeds 
lathe, a star feed type of radial feed was used. On the a 
last, a power means of radial feed has been incorporated. To drive the large diameter feed gear at - na 
The operator can feed the tool in or out at a definite feed as the ring at all times, power is taken off ae 
per revolution, he can feed it in or out by hand at any drive gear train and through a differential w ta 
time with the ring stopped or running, or he can feed it is used to drive the large diameter feed gear. ee : 
in or out with the radial rapid-traverse motor. and number of gears in the train are selected sO i 

In Figs. 1 and 2 is shown the method of mounting the the center part of the differential is stationary, f 
tool holder on slides which are bolted to the face of the diameter feed gear is driven at the same speed as the) 
ring face plate. The tool holder is provided with a nut If the center part of the differential is rotated in one@ 
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tion, it will make the feed gear rotate faster than the ring; 
if the center part of the differential is rotated in the op- 
posite direction, it will make the feed gear rotate slower 
than the ring. In this way, the tool holder can be fed in 
or out in a radial direction. 
Three methods of driving the center part of the feed 
sential are used. In the first case, in order to obtain 
definite feed in thousandths of an inch per revolution, 
is taken from the main drive gear train through a 
series of shifting gears. These gears are laid out so that 


ggit different output ratios are obtained. The output 
fom this transmission then goes through a reversing 
guich to reverse the direction of rotation. 


From that re- 
yesing clutch, power is fed through another differential. 
The input shaft is connected to one side of the differen- 
fal by means of a worm gear. 

The other side of the differential is driven by the radial 
jpid-traverse motor which normally is stationary when 
imder power feed. Either half will drive the center part 
ifthe differential which, in turn, is connected to the center 
pat of the feed differential. The only purpose in using 
the second differential is to eliminate the necessity for any 
dutches or disconnect: gears to combine the power feed 
ind the rapid traverse motor. With this combination, 
the operator can be running the tool in under power 
radial feed and at the same time operate the rapid trav- 
ese motor, if he so desires, either in or out without do- 
ing any damage to the equipment. 


The third method of driving the radial feed is by a 
handwheel. If the power radial feed is in neutral, it is 
possible to engage the handwheel gear into the train of 
gears leading to the power side of the second differential. 
Here again, the gearing is interlocked so that it is not pos- 
sible to operate the radial feed under power in case the 
handwheel is connected. It would be possible to use 
the radial rapid-traverse motor if the operator so desired, 
which is unlikely. If the rapid traverse motor were 
started it could not hurt the operator. 


Rheostat Step-up for Intermittent Cuts 


When the cheeks of the crankpin are being machined, 
the cutting diameter of the tool varies widely, sometimes 
as much as 4 or 5 to 1. If the revolutions per minute of 
the main ring were left constant, based on the best cut- 
ting speed at the maximum diameter, the speed of the 
cutting tool in feet per minute at the small diameter 
would be very slow. To eliminate this loss in produc- 
tion due to too slow a cutting speed, the center part of 
the radial-feed differential drives a special rheostat which, 
in turn, controls the motor and generator of the main- 
ring drive. 

The ratios are laid out and the rheostat designed so that 


Fig. 6—Elementary gearing diagram showing use of 
differentials for feed and traverse as well as automatic 
speed-up drive for intermittent cuts 
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as the tool feeds in, movement of the cheeking rheostat 
will increase the speed of the ring-drive motor so that 
essentially constant cutting speed is maintained. The 
ratios in this gear train are selected so that the rheostat 
will be moved over the proper portion of its travel, de- 
pending on the initial cutting speed which is selected by 
the operator. 

In Fig. 7 are shown the location of the various control 
levers. Levers labelled “A”, “B” and “C” control the slid- 
ing gears in the transmission for the power radial feed. 
By properly selecting the lever positions, radial feeds from 
.008 to .240-inch per revolution can be obtained. Amount 
of feed is laid out so as to increase in geometric progres- 
sion. The lever underneath the radial feed nameplate is 
used for interlocking the radial feed handwheel and the 
power feed. When this lever is thrown so that the radial 
feed handwheel can be engaged, the smaller of the two 
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Fig. 7—Location of various control levers. Those at side 
are gear selectors for power radial feed while handwheels 
in front are for longitudinal and radial manual feeds. 
Horizontal bar below handwheels controls reversing clutch 


handwheels on the same shaft can be used for hand radial 
feed. The horizontal lever under the two handwheels is 
for feeding the tool in or out by power feed as it controls 
the reversing clutch described above. 

The larger diameter handwheel is for longitudinal feed 
of the carriage. A train of gears is connected from this 
handwheel to a nut on the longitudinal feed screw. When- 
ever the handwheel is rotated it will, in turn, rotate the nut 
and feed the carriage longitudinally. 

On the 40-inch and smaller size lathes, this longitudinal 
feed screw is turned to give the power longitudinal feed. 
For obtaining the low rates of feed when cutting, a wide 
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range variable-voltage direct-current drive is used. Thi 
drive is controlled by a combined theostat, part of which 
is in the generator field and part in the motor field. Push. 
buttons are provided to run the motor in a direction 
feed right or left or to stop it. The actual power from the 
motor is transmitted through a worm gear to one part of 
a differential. A rapid-traverse motor is connected to the 
other half of the differential by means of a worm gear 
also. The center part of the differential is connected jp 
the feed screw. With this arrangement it is possible to 
run the longitudinal direct-current feed motor and they 
to superimpose the rapid-traverse motor in either direction 
in case the operator so desires in an emergency. On the 
larger lathes, the longitudinal feed is obtained by the 
same gears which supply power to the radial feed. 

The gear box itself is designed so that each shaft of 
gearing may be removed readily from the box without 
disturbing any more of the remaining gears than abs. 
lutely necessary. This was accomplished by making smal 
subassemblies with proper mounting provisions in the bor 
itself to keep them in alignment. Most of the bearing 
are of the antifriction type and adequate lubrication 
provided all the bearings and each gear train. By the 
operator checking the oil-pressure gage mentioned before, 
he can be assured that the gearbox as well as the main 
bearing is receiving oil at all times. 











Radar Utilizes New Plastic Material 


ANY unusual properties are exhibited by polyethy- 
lene, a new thermoplastic resin. A high-pressure 
synthesis product, this thermoplastic is now being em- 
ployed in radar equipment for insulation of coaxial cable. § | 
By changing the conditions of manufacture, the prop 
erties of the base resin can be varied to meet the needs o 
particular applications. At the present time, however, 
only the one grade is being produced. Because the resin 
in inherently flexible the use of plasticizers is unnecessaly 
in processing. 

Among the properties which may be varied are tensile 
strength, elongation, tear resistance and brittleness tem 
perature. Being colorless as manufactured the resin cal 
be produced as translucent or formulated in a wide color 
range, with exceptionally high luster. The plastics de 
veloped by Carbide and Carbon Chemicals Corp. in col 
laboration with The Linde Air Products Co., are s0 ligt 
that they will float on water, and can be processed by 
conventional methods. 

All types are characterized by a dielectric constant df 
2.29 (at 50 megacycles and 25 degrees Cent.), a powe 
factor of .0003, low water absorption (.03 per cent weight 
gain in 100 hours), low transmission of water vapor, 
resistance to attack by many chemicals including 4 0 
ber of solvents. The electrical grade has a specific gry 
ity of .92, specific heat of .53 (between 18 to 40 degre 
Cent.), softening temperature (transparency point) of 105 
degrees Cent., linear coefficient of expansion of 25 x 1 
cm/cm/C (above 115 degrees Cent.), tensile s 
1800 pounds per square inch, elongation of 600 pet 
notch impact strength greater than 3 ft.-lb./in., and brit 
tleness temperature below —70 degrees Cent. 
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New Trimetric 


Technique 


By W. C. Wilkinson 


and H. C. Bartholomew 
Engineering Department 
The Glenn L. Martin Co. 


RIMETRIC drawing is a type of three- 
dimensional illustration which has been 
recognized for some time as being ex- 
tremely useful in production work. Its infre- 
quent use has been due largely to difficulties 
involved in preparing the drawings. However, 
many of these difficulties have been obviated 
through recent developments made by the authors 
specifically for use on production work at Glenn 
L. Martin Co. Prime development was a ma- 
chine, the “Axonograph”, which used in con- 
lnction with four new drawing instruments 
ss 50 to 80 per cent off time previously re- 

quired to prepare a trimetric drawing. 
new machine, Fig. 1, is a device for 
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Fig. 1—Above—This ma- 
chine converts orthograph- 
ic drawings into trimetric 


* 
D A aWwW l Nn projections. Operator is 
shown setting drawing 


to be photographed at 
appropriate angle 



































iz 


















































Fig. 2—Top view shows orthographic drawing of part which fits in 

the plan plane of an assembly. Lower view shows same drawing 

after it has been converted into a trimetric projection by being photo- 
graphed at proper angle on the machine pictured in,Fig. 1 
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photographically translating a conven- 
tional orthographic drawing into a scale 
representation of one face or dimension 
of a trimetric projection. The other two 
dimensions or faces then are filled in by 
a draftsman to give a scale trimetric 
drawing. By adjusting the machine and 
the position of the print on the copy 
board in accordance with a predeter- 
mined scale, it is possible to produce the 
resulting print in any one of the three 
trimetric planes—plan, face or side—to 
fit the needs of each particular job. Like- 
wise, it is possible to vary the scale as 
required. 

Principal advantage of trimetric pro- 
jection is in assembly work where, due 
to its presentation of three dimensions 
with a minimum of distortion, it offers 
a clear picture of how the various parts 
and sub units are assembled. It in no 
sense replaces orthographic projection in 
manufacturing operations, but is a sup- 
plementary drawing which speeds and 
simplifies assembly work. As such, it 
normally is prepared after the ortho- 
graphic projections of the various detail 
parts. 

In preparing a trimetric drawing 
through use of this new machine, it first 
is required to determine the scale de- 
sired on the finished drawing. Next, 
the drawing is broken down into its vari- 
ous component parts which are sent to 
the machine with instructions as to scale 
and the principal plane in which each 
part is to appear on the finished tri- 
metric. 

If all prints are to the same scale one 
machine setting only is required, but if 
they are to different scales the machine 
can be adjusted to compensate and pro- 
duce prints to one scale. The plane in 
which the print is to be made is deter- 
mined by its position in the complete 


assembly. Thus, in the case of an airplane fuselage, if the 
finished trimetric projection is to show it in a position 
corresponding to a three-quarter rear view, prints of the 
bulkheads would be made in the face plane, prints of a 
top hatch would be made in the plan plane and those of 
a side hatch would be made in the side plane. 

The machine itself consists of a moving copy board 
which holds the drawing to be photographed and is ad- 
justable in its angle of slant, an adjustable device for set- 
ting the position of the copy on the board, an electric 
motor to move the board forward and back, a camera for 
recording the axonometric projection, a funnel which 
moves vertically and restricts the camera’s view to a nar- 
row slot in the end, a 3000-watt light tube for illuminat- 
ing the negative, a stand which supports the rolling 
fulcrum of the funnel, and a movable stand which sup- 


ports the camera. 


A negative of the drawing to be projected is placed on 
the glass surface of the copy board supported on two 
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Fig. 3—Above—Underlay at top is used to trace off ellipses on trimetric 
drawings. Scale is for measuring on the three major trimetric axes 


Fig. 4—Below—At left is shown the template used for drawing ellipses. 
Instrument at right is a trimetric protractor used for measuring angles 

















sides by the positioning device which can be rotated a- 
cording to a scale on its outer perimeter. While the negr 
tive is in the horizontal position, the copy board is placed 
at the proper angle for the plane desired and the camen 
is moved backward or forward to produce the required 
scale. Since horizontal lines are projected in true prop 
tion as long as the negative is in a horizontal position, the 
scale can be determined by measuring directly on the 
ground glass of the camera. 

After the camera is placed and focused the nega 
positioned on the copy board by rotating the position-at 
justing device. As in the case of the copy board slant 
the negative is positioned on the board at a predeter 
mined angle from the horizontal depending on the plane 
in which the projection is being made. After the negr 
tive has been positioned, the camera is loaded with 
nary photographic printing paper and the machine § 
placed in operation. 

(Concluded on Page 188) 
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Current Trends Forecast 





Atter-the-War Developments 


iihiein a” A 


HOUGH no drastic switches in actual production yet have been 

made, the day is not far off when restrictions will be eased both 

on materials and on the production of certain needed classes of 
civilian goods. 





Donald M. Nelson has had a hard time convincing the Army and 
Navy of the vital need for gradual reconversion of industry, gaining 
his point only when assurance could be given that any reconversion 





y ellipses. 

1g angles that might take place would not interfere directly with war production. 
In other words, when materials, labor and plant facilities can be 
released. 


In order to fulfill its responsibility in the reconversion to peace as 
adequately as, it is hoped, it played its part in the conversion to war, 
MACHINE DESIGN has seized every opportunity to cover the numerous 
trends toward adoption of new materials, new parts and new methods 
that will be utilized in machines for the postwar market. Actual details 
of design of such machines cannot, of course, yet be divulged, but 
j the expectation is that this will be feasible in the not-too-distant future. 


ay iS tee 


Though the articles published during the more recent years of 
the war have not, in many cases, been presented strictly from the 





tated at: 

he neg “postwar” angle, the information which they disclose will be recog- 
is placed nized by alert engineers as forming the basis upon which many a 
Bes postwar design—or entirely new development—is being and will be 
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~ Hydraulic Hack Saw Machine 


A compact, self-contained hydraulic feed unit is incorporated 
in this hack saw machine made by Peerless Machine Co. Blade 
feed pressure, supplied by a gear-type hydraulic pump, is controlled 
by a finger-tip pressure-control valve with gage attached. The 
feed and lift control piston is actuated by a cam which alternately 
directs the flow of hydraulic fluid for feed and lift cycles. Amount 
of lift of the saw blade is controlled by a displacement piston that 
permits specific amount of oil to exhaust from feed cylinders. 


At completion of the cutting cycle, a trip valve actuates a start 
and stop piston which returns the saw frame to position for the next 
cutting cycle and automatically stops the machine. Crosshead is 
of cast steel with all bearing surfaces faced with hardened and 
ground inserts. The crosshead slide is of hardened and ground steel. 








Fluorescent Inspection Machine 


Over the penetrant tank at the left in this ‘‘Zyglo’’ inspection machine 
manufactured by Magnaflux Corp. is a removable half grill in which 
parts are placed for drainage. Immediately to the right of the penetrant 
tank is a rinse or wash station employing a spray nozzle and hand- 
operated valve connected to a standard water line. A black light is 
installed over the wash station. To the rear of the wash station is a tank 
of still water which is heated electrically. 

There is no door over the front opening of the recirculating hot air 
dryer, the heated air being confined by a system of baffles. The design 
consists of strip electrical heaters in the lower front section arranged ina 
pattern to form their own baffling. In 
the rear lower section in a separate 
housing is a fan which draws in a small 
amount of fresh air continuously through 
the fan motor to keep it cool. A hole in 
the bottom of the dryer beneath the heaters 
allows air to breathe out at that point. 


(New machines listing on Page 190) 
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Current Thoughts on Hardenability 


HARDENABILITY TESTS come close to being a 
complete specification for steel, but in practice they 
are inadequate as a single specification. Not enough 
properties are identified with hardenability to afford 
uniform manufacturing methods. For instance, man- 
ganese may be increased in an alloy to give hard- 
enability of chrome vanadium steels but such steels 
do not have the same machinability nor same heat 
treatment as other alloys having the same harden- 
ability. Also some steels and some sections have 
increased propensity for cracking, complicating the 
control of heat treatment. 

One company has done considerable development 
on controlling hardening to produce surface stresses 
from tensile through zero to compression. This de- 
velopment promises to have future applications of 
significance. 


Improving Engine Performance 


ASIDE FROM AIRCRAFT ENGINES, the war cre- 
ated a need for large numbers of internal combus- 
tion engines for stationary, marine and transporta- 
tion uses in which maximum power could be de- 
veloped with minimum weight. This has been 
accomplished through utilization of the super- 
charger, power in some cases having been in- 
creased 20 to 30 per cent or considerably more. 
Convinced that the tendency toward lighter weight 
engines will stimulate even wider use of super- 
chargers, Borg-Warner Corp., Chicago, some time 
ago acquired the McCulloch Engineering Corp., 
Milwaukee, a pioneer in this field, and just recently 
changed its name to B-W Superchargers Inc. This 
company is confident that the next few years will 
witness considerable design and development at- 
tention being given to internal combustion engines 
to improve power and efficiency. Although E. W. 
Wasielewski, the company’s chief engineer, sees no 
obstacle to doubling engine power, he points out 
there are some limitations on the amount of power 
increase by supercharging. This particularly, is the 
case with the Otto-cycle or gasoline engines, where 


144. 












manifold temperatures and pressures must be kent 
within limits except as higher octane fuels pem 
operation at higher temperatures. Another factor 
strength of the mechanical parts. However, with 
constantly improving engine design, materials nj 
fuels, he is certain the supercharger will becom 
increasingly important as manifold pressures rise. 


To Control Large Power 


DESIGN ENGINEERS may well reckon on the 
growing importance of the jet-propulsion engine. 
For, only recently Reginald E. Gillmor, presiden 
Sperry Gyroscope Co., declared that an inspection 
of this type of engine, which is still a closely guarded 
military secret, showed that it was “remarkable in 
its simplicity and in the ease and flexibility of it 
control of very large power’. These engines have 
also led to other research which will contribute to 
the evolution of an efficient gas turbine and othe 
propulsion machinery with possibilities for dectes 
ing capital cost and improving operating economy. 


“Streamlined Like a Varga Girl” 


FARM TRACTORS generally are regarded as rele 
tively standard pieces of equipment, which in ner 
mal times undergo little change in design from yea 
to year. According to L. B. Sperry, manager of & 
gineering, farm tractor division, International Hor- 
vester Co., however, the postwar tractor may bed 
designers’ paradise. Among features desired and 
which may be attempted, Mr. Sperry mentions: En- 
gine starting by radio-activation, thus solving stort- 
ing problems; torque converter transmission with au- 
tomatic control of vanes and stator blades so thd 
full efficiency always is secured; gyroscopic cont 
of center of gravity to eliminate overturning hazards 
electric.eye steering so that obstructions in field oP 
erations are by-passed automatically; radio-acll 
vated, quickly attachable farm implement conta 
without driver leaving the seat; automatic coupling 
device for drawbar-operated machinery; deluxe seat 
with collapsible cab which can be heated by & 
haust during cold weather; styling as smooth as face 
powder and streamlined like a Varga girl; and two 
way radio. All sounds fantastic now, of course, bul 
who knows but that the future may see much of ths 
fulfilled? 



















MacHINE. Desicn—August, 19 





lust be ken 


fuels permit 
ther factor js 


wever, with 
aterials and 
will become 
ures rise, 


kon on the 
ion engine. 
, president, 
1 inspection 
aly guarded 
narkable in 
bility of its 
gines have 
ontribute to 
- and other 
or decteds- 
J economy. 


led as rele- 
ich in nor 
from yea 
iger of éf- 
ional Har- 
may bea 
ssired and 
tions: En 
ving start 
n with av 
2s so that 
nic contro 
J hazards 
1 field op- 
radio-acti 
at control 
- coupling 
sluxe sed 
d by & 
th as face 


gust, 194 










Direct Method Facilitates 


engineering 






Helical Spring Design 


By R. G. Minarik 


Professor of Mechanical Engineering 
Syracuse University 


LTHOUGH procedures, tables and charts are 
available for use in the design of helical springs, 
it frequently is found that they are inadequate 

for obtaining answers to many spring problems with- 
out much cut-and-try calculation. The design proce- 
dure presented in this data sheet is an effective and 





Fig. 1—Notation used in design of compression springs 


proved routine for the rapid solution of such problems. 
It is inherently time-saving and accurate, can be han- 
dled with confidence by relatively inexperienced per- 
sonnel and, because of its pictorial nature and flexi- 
bility, is adaptable to problems involving a wide variety 
of imposed design conditions. The value of this rou- 
tine method is further enhanced by the fact that it auto- 
matically involves steps which eliminate the ever-pres- 
ent chance of the designer’s overlooking such factors 
as the correction of stress for coil curvature and the 
compensation of stress and deflection values for per- 
missible stresses and shear moduli which may be dif- 
ferent than those that have been used in the compila- 
tion of handbook tables and charts. 

Basic equations used for establishing the chart and 
formulas are the generally accepted equations for hel- 
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ical springs of normal proportions: 


me 8PDK 
<a rd? 





S 


KdG 


= 





where 
S =: Maximum induced shear stress, pounds per 
square inch 

— Total deflection, inches 


Yy 
P = Maximum load (inducing S$) pounds 





Fig. 2—Load-deflection diagram for compression spring 


D = Mean (pitch) diameter of coil, inches 
d = Wire diameter, inches 
C = D/d 


K = Curvature correction (Wahl factor) 








_4C-1 , 615 
~4C-4° C 

n = Number of active turns 

G = Shear modulus, pounds per square inch. 
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Compression Springs 


"in the design of compression springs, the notation 
‘own in Fig. 1 is employed. The illustration shows 
he ends of the spring ground square, hence the active 
engths and actual lengths are equal. Referring to 
pa: 

| Ly=Free length of spring 

» L,=Length of spring corresponding to an imposed 
load P; (O<P,<P2) 

| L,=Fully compressed length of spring (adjacent 
ils just touching). 

) All lengths defined in the foregoing are “active” 

Ingths (center line to center line of ends of the active 
ils) and are in inches. 

' P,=Load, pounds, required to compress spring to 
gth L, 

3 P,= Load required to compress spring fully to length 
» (this load induces maximum stress) 

a 3 =Spring rate, pounds per inch. 


Procedure 


a Following is the procedure in designing a compres- 
pe rere: 
_ 1. Draw the load-deflection line of the spring ac- 
. irately to any convenient scales for P and L, as shown 
‘in Fig. 2. 
: Difference between the free and the fully com- 
"pressed lengths, Lo—L , is denoted by F. The load- 
rc lection line can be determined from many com- 
Pinations of data—usually obtainable directly from the 
¢ sign layout and performance requirements. In a 
ew cases, when the performance requirements are not 
“Strictly defined, the designer must arbitrarily provide 
Numerical values which will enable him to draw the 
bad-deflection line. 


q D8 Compute the value of F/L». 
_ For conservatively proportioned springs of carbon 
| the preferred value of F/L»2 lies between .5 and 
15, with 1.0 as an average. Therefore, for average 
Proportions, F should approximately equal L. in Fig. 
1 If the value of F/L2 does not come in the preferred 
inge, and there are no physical restrictions upon L» 
“ad Ly, the value of F/L. can be brought into the de- 
sited range by simply moving the P axis (movement 
: hown dotted in Fig. 2) an appropriate amount to the 
Tight or left as may be required to alter Ly. If there 
fe strict limitations on L. and Lo, and consequently 
e P axis cannot be shifted so as to give a preferred 
Frale of F/L., the calculation may stil] proceed in the 
4 “mai manner here outlined, although the resulting 
P oportions of the spring probably will not be ideal. 


"8. Locate the value of F/L», just determined, on the 
wpe horizontal scale of Fig. 3. Project vertically 


y. 3—Opposite page—Chart for solving problems in 
the design of helical springs 
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downward to the 45-degree diagonal line correspond- 
ing to the selected material (or value of S/G) and then 
horizontally to the left to obtain values of C and B 
from the vertical scales. 

C is the ratio D/d (spring index) and should be 
within the preferred range shown in Fig. 3 for best 
proportions. If a preferred value of C does not result 
from a given value of F/L, (or an altered value as ob- 
tained from the procedure discussed in Step 2), a 
value of C as low as 3 or as high as 18 is allowable— 
but not particularly desirable. 

B is a value used in computing the wire diameter 
and related dimensions, and is equal to d \/(S /P2). 

If a material other than those shown in Fig. 3 is in- 
volved, or a different allowable maximum shear stress 


2 

Maximum a 

riorrma / 

operating Desired, 
[otoTo| Overlrave 


Fig. 4—Load-deflection diagram for compression spring 
with coil clearance at maximum compression 


(S) is desired—as would be the case for severe service 
—a new 45-degree diagonal, with an intercept equal to 
the appropriate value of S/G on the horizontal scale at 
the bottom of the chart, should be determined. Visual 
interpolation usually is more convenient than the actual 
drawing in of the new diagonal. 


4. Calculate wire diameter = d= B\/(P2/S), inches, 
(where S is the same as used in evaluating $/G in 
Step 3). 

5. Mean (pitch) diameter = D=C x d, inches. 

6. Outside diameter (O.D.) = D-+d, inches. 

7. Inside diameter (I.D.) = D-—d, inches. 

8. Spring rate R=P,./F, pounds per inch. 

9. Number of active turns =n=L,/d. 


10. Actual number of turns: To computed value of 


active turns (n), add: 
0 for plain or ground ends 
2 for squared or squared and ground ends. 


11. Actual lengths: To lengths (L) from load-de- 
Hection diagram, such as Fig. 2, add: 
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d for plain ends 

0 for ground ends 

3d for squared ends 

2d for squared and ground ends. 


Design with Coil Clearance 


In many cases coil clearance is desirable at the min- 
imum operating length, particularly when better spring 
action is required and when the results of overtravel on 
a fully closed spring would provoke failure of the 
mechanism of which the spring is a component part. 

Design of a compression spring having coil clear- 


Fig. 5—Notation used in design of extension springs 


ance at its minimum operating length proceeds in ex- 
actly the same manner as previously outlined with but 
one exception—a change in Step 1. The initial step 
for this case is designated la and is as follows: 


la. Draw the load-deflection line as shown in Fig. 4. 

It will be noted that here P, is determined by both 
the desired normal maximum operating load and the 
desired overtravel (often taken as 10 per cent of F). 
Remaining steps are exactly as before. 


Extension Springs 


Design of helical extension springs is carried out in 
a manner similar to that employed for compression 
springs. The principal variation lies in the redefinition 
of some symbols in accordance with Figs. 5 and 6. 


1. Draw the load-deflection line as shown in Fig. 6. 


2. Evaluate F/L» and S/G. (Refer to the table on 
Fig. 3 regarding values of S to be employed.) Adjust 
F/L, for preferred range of C if desired. 


3. Enter Fig. 3 with the value of F/L» on the F/L,» 
scale; and find values of C and B. 


4. Wire diameter = d= B\/(P,/S), inches, (where 
S is the same as used in evaluating S/G in Step 2) 


5. Mean (pitch) diameter = D=C x d, inches. 


6. Number of active turns=n=Lo/d (coils cloned! 


at zero load). 
7. Outside diameter (O.D.) = D+d, inches. 
8. Inside diameter (I.D.) = D—d, inches. 
9. Spring rate=R=P,/F, pounds per inch. 


10. Actual lengths and actual turns depend upon 
method used for attaching the spring. 

EXAMPLE: It is required to find the dimensions of 
a compression spring for the following conditions: 
Ends squared and ground, spring rate R= 100 pounds 
per inch, total compression (fully open to fully closed) 
= 2.5 inches, fully compressed length =2 inches mini- 
mum, (therefore take L,=2 inches). Material is alloy 
steel with S = 100,000 pounds per square inch and G= 
11,500,000 pounds per square inch. 


SoLuTIonN: On Fig. 2 lay off L.=2 inches and F= 
2.5 inches, which makes Ly=4.5 inches. From ly 
draw the load-deflection line with a slope of 10 
pounds per inch of deflection, giving P.=250 pounds. 
With F/L,=2.5/2= 1.25, enter Fig. 3 at the top and 
drop a perpendicular to a point corresponding to $/¢ 
= 100,000/11,500,000 = .0087, interpolating between 
the 45-degree lines for $/G=.008 and .009. A hori- 


Fig. 6—Load-deflection, extension springs 
zontal line from this point intersects the C-scale at 74 
and the B-scale at 4.75. 

Spring dimensions may therefore be calculated 4 
follows: Wire diameter d=By/(P2/S) =4,75% 
\/(250/100,000) = .238-inch; mean (pitch) déameter 
—~Cxd=T7.4X .238= 1.76 inches; number of turns" 
~ L,/d=2/.238=8.4 turns, say 8%. Actual tums= 
n+2—8%+2-10% turns; actual free length=Lot 
2d = 4.975, say 5 inches; actual closed length = L2+ ad 
= 2.475, say 2% inches. 
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nd upon ASTM No. B36-43T, Alloys 1 to 8 
B134-42T, Alloys 1 to 8 
nsi 
__ B135-43T, Alloys 1 to 5 
nditions: 
) pounds 
Closed) (B36-43T) Sheet, strip and plat 
oa , - ae ee i tele laS eet, strip and plate 
eS mini- AVAILABLE IN: Ae. cap aatou ass ve aaa aie Wire and rod 
| is alloy (BIS5-48T) .................. PR 
and G-= ° 
ANALYSES 
and F= gg as es B134-42T. B135-43T: 
‘rom Ly Alloy Lead Iron i Alloy Lead Iron ' Alloy Lead Iron 7 
No. Copper max. max. Zinc* No. Copper max. max. Zinc* No. Copper max. max. Zinc® 
of 100 l 94 to 95 .03 .05 > 1 94 to 96 .05 .05 ip 1 83 to 86 .06 .05 ne 
2 89 to 91 05 05 a 2 89 to 92 .05 .05 2 68.5 to 71.5 .075 .06 
pounds. 3 84 to 86 .05 .05 3 84 to 86 .05 .05 3 65 to 68 3 to.8 .07 
4 79 to 81 .05 .05 4 79 to 81 .05 .05 4 65to68 1.25to 2 .07 
top and 5 70.5 to 73.5 .05 .05 5 71 to 73 .05 .05 5 55 to 63 8 .O7 
to S/G 6 68.5 to 71.5 .05 .05 6 68.5 to 71.5 .07 .05 
/ 7 66 to 69 .07 .05 7 64 to 67.5 10 .05 
between ae. 108 to 67.5 3 .05 8 61 io 64 10 .05 
A hori- *Zinc constitutes remainder in all alloy analyses. 
PROPERTIES 
| TENSILE STRENGTH 
| ( psi) 
Alloys 
SHEET AND STRIP (Spec. B36) 1 2 3 4 5 6 7 8 
a 37,000 40,000 44,000 48,000 49,000 49,000 49,000 49,000 
Ee ee ne saith 47,000 50,000 54,000 58,000 59,000 59,000 59,000 59,000 
MMIII, 25... see ee eee 42,000 47,000 51,000 54,500 56,500 56,500 55,000 55,000 
SS, ae cnc eeses 52,000 57,000 61,000 64,500 66,500 66,500 65,000 65,000 
REIN. ic... acide ov ecees 46,000 52,000 57,000 61,000 64,000 64,000 62,000 62,000 
Oi eS 56,000 62,000 67,000 71,000 74,000 74,000 72,000 72,000 
ams wt... 30000 57,000 63,000 68,000 71,000 71,000 68,000 68,000 
ken x's ¥ ose 59,000 66,000 72,000 77,000 81,000 81,000 78,000 78,000 
Extra hard, min ........... ... 56,000 64,000 71,500 78,000 82,500 82,500 79,000 79,000 
SE eee 64,000 72,000 79,500 87,000 91,500 91,500 88.500 88,500 
A" eee 59,500 69,000 78,000 85,000 90,500 90,500 86,000 86,000 
BUS G8 BU. 5 arviwbclevs 00. c 67,500 77,000 86,000 93,000 99,500 99,500 95,000 95,000 
Extra spring, min ......... -.. 61,000 72,000 82,000 89,000 95,000 95,000 89,500 89,500 
SRS eS 69,000 80,000 90,000 97,000 104,000 104,000 98,500 98,500 
, WIRE .02 TO .25-IN. DIAMETER 
(Spec. B134) 
at 74 a 35,000 38,000 43,000 50,000 50,000 50,000 50,000 50,000 
aan male: 45,000 50,000 57,000 65,000 66,000 66,000 65,000 65,000 
wid I so sane as caus 41,000 45,000 53,000 62,000 63,000 63,000 62,000  — 62,000 
: Ree: 51,000 57,000 65,000 75,000 78,000 78,000 77,000 77,000 
475x | ®hard, min... 49,000 56,000 66,000 78,000 80,000 80,000 79,000 79,000 
‘ : ORS NG peer sem 58,000 67,000 77,000 90,000 95,000 95,000 94,000 94,000 
amett @ “hard min =... ssisié‘i(‘(i‘((w(! 57,000 64,000 76,000 90,000 93,000 93,000 92,000 92,000 
ms" ES Pe i 64,000 74,000 86,000 101,000 108,000 108,000 107,000 107,000 
ne Sains amet: 61,000 70,000 83,000 100,000 103,000 103,000 102,000 102,000 
SS Se eerereers 68,000 79,000 92,000 110,000 118,000 118,000 117,000 117,000 
- Ly+ tra hard, min... ssi«wi«*s 66,000 78,000 94,000 112,000 117,000 117,000 115,000 115,000 
2tMy | aes .... 78,000 86,000 102,000 121,000 131,000 131,000 129,000 129,000 
RE 5 OS, eee 72,000 84.000 100,000 120,000 126,000 126,000 123,000 123,000 
gh TUBING (Spec. B135) 
ight drawn, min .............. 44,000 52,000 50,000 50,000 54,000 
Hard es ee 60,000 70,000 68,000 68,000 72,000 
me min... 60,000 70,000 68,000 68,000 72,000 
Machine, Desicn i . imore Brass Co.; Chase Brass & Copper Co.; Revere C & 
following iilpenins in See Sees The eee Tie Siventlie “Metal Co.; Scovill Masoiastentan. on: 
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‘Materials Work Sheet 


ELONGATION IN 2 INCHES 
(typical values, per cent) 


SHEET AND STRIP .04. THK. Alloys 
(Spec. B36) 4 








80 
18 
13 


bo 


em ee CLC OT 
bo 


OoOnmoon 


Extra spring 
WIRE .08-IN, DIAM. (Spec. B134) 


DRAWN TUBING (Spec. B135) 
Light drawn 18 
7 


SHEAR STRENGTH 
(typical values, psi) 








2 3 
33,000 35,000 
35,000 37,000 
36,000 40,000 
38,000 42,000 
40,000 44,000 
42,000 46,000 
Extra spring 43,000 47,000 


WIRE .02 TO .25-INCH DIAMETER 
(Spec, B134) © 
33,000 35,000 
34,000 38,000 
37,000 43,000 
40,000 45,000 
42,000 48,000 
43,000 52,000 
45,000 54,000 


PHYSICAL CONSTANTS 


Thermal Thermal Coef. Electrical Temp. Cot 
Conductivity _ of Linear Electrical _Conduct- of Electrial 
Alloys Melting Young’s Weight (Btu/sq ft Expansion Resistivity ivity (% of Resistance 
(ASTM Spec’s. and Point Modulus Specific (Ib. per /ft/hr/deg per deg F (ohms/mil ft) IACS) at (/deg G) 
Commercial Names) (deg C) (108 psi) Grav. cu in. F (68° F) 77-572° F at 20° C 20°C 20-200 
B36, B134, Alloy 1 
(Gilding Metal) is 1065 16 8.86 32 137 .0000101 18.5 56 00231 
B36, B134, Alloy 2 96 
(Commercial Bronze) 15 8.8 J 109 .0000101 23.5 44 001 
B36, B134, Alloy 3; B135, Alloy 1 6 
(Red Brass) 15 8.75 F 92 .0000104 28 001 
B36, B134, Alloy 4 154 
(Low Brass) 15 8.66 J 81 .0000106 32 35 00 
B36, B134, Alloy 5 148 
(72/28 Brass) 15 : 71 .0000110 82 2 00 
B36, B134, Alloy 6; B135, Alloy 2 00148 
(70/30 Brass) 15 . 70 .0000111 37 2 ; 
B36, Alloy 7 00154 
(2 & 1 Brass) 15 ; 67 0000112 40 
B36, Alloy 8; B134, Alloy 7 00154 
(High Brass rolled flats) ... 15 ’ 67 .0000112 40 
B134, Alloy 8 00154 
(High Brass wire) 15 ‘ d 67 .0000114 40 2 
B135, Alloy 5 00198 
(Muntz Metal) 14 71 0000116 37 
B135, Alloy 3 
(Low-Leaded Brass tube) .. 15 ‘ P 67 .0000112 40 
B135, Alloy 4 
(High-Leaded ‘Brass tube). . 15 3 67 .0000113 40 


e 
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wgET AND STRIP (Spec. B36) 
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DRAWN TUBING (Spec. B135)f{ 


igh drawn, min 


SHEET AND STRIP (Spec. B36) 


DRAWN TUBING (Spec. B135)} 
ign drawn, min 


YIELD STRENGTH 
(typical values—.5% elongation under load, psi) 




















Alloys 
1 2 3 4 5 6 7 8 
32,000 34,000 40,000 40,000 40,000 40,000 40,000 40,000 
40,000 45,000 50,000 50,000 52,000 52,000 51,000 50,000 
46,000 50,000 54,000 ee io ele ye 58,000 
50,000 54,000 58,000 58,000 64,000 64,000 62,000 60,000 
55,000 58,000 61,000 61,000 66,000 66,000 64,000 62,000 
58,000 63,000 62,000 62,000 66,000 66,000 64,000 62,000 
60,000 68,000 68,000 68,000 66,000 66,000 62,000 
42,000 50,000 50,000 50,000 45,000 
58,000 64,000 60,000 60,000 55,000 
ROCKWELL HARDNESS—B SCALE 
Alloys 
1 2 3 4 5 6 7 8 
20 27 83 38 40 40 40 40 
52 56 62 65 65 65 65 65 
40 50 56 59 60 60 57 57 
60 66 71 73 77 77 74 74 
50 59 66 69 72 72 70 70 
64 71 76 79 82 82 80 80 
57 65 72 76 79 79 76 76 
67 75 80 84 86 86 84 84 
64 ,. 72 78 83 85 85 83 83 
72 79 85 89 91 91 89 89 
68 76 82 87 89 89 87 87 
75 81 87 92 93 93 92 92 
69 78 84 88 91 91 88 88 
76 83 89 93 95 95 93 93 
84 50 48 48 54 
70 78 75 75 82 
70 80 78 78 82 
ROCKWELL HARDNESS—SUPERFICIAL 30-T SCALE 
Alloys 
1 2 3 6 7 8 
29 34 38 42 43 43 43 43 
51 54 58 60 60 60 60 60 
43 50 54 56 56 56 54 54 
56 61 64 66 68 68 66 66 
50 56 60 63 65 65 65 65 
60 64 68 70 72 72 71 71 
54 60 65 68 70 70 68 68 
62 67 70 73 74 74 73 73 
60 65 69 72 74 74 73 73 
65 70 74 76 77 77 76 76 
62 68 72 75 76 76 75 75 
67 71 75 78 78 78 78 78 
63 69 73 76 77 77 76 76 
68 72 76 79 79 79 79 79 
88 52 50 50 55 
64 69 68 68 71 
64 69 68 68 71 


{ASTM values for information only. They apply as follows: B scale applies tu metal .02-inch thick and over. The 30-T scale applies to metal 


and over 


1B scale values apply to tubes .02-inch and over in wall thickness. The 30-T scale values apply to tubes .012-inch and over in wall thickness. 


CHARACTERISTICS 


Composed wholly or mainly of copper and zinc, all brasses 
oS Own as copper or copper-base alloys. Often small per- 
“one of such metals as lead, tin and aluminum are added 
Prove certain properties for specific applications. It will 
oe from the chemical analyses tables that the difference 
ow n the various brass alloys is primarily in the ratio of 
a to zinc. In general, the corrosion resistance of all 
S Icreases in proportion to their copper content while 


uc] 


T strength, hardness and wearing qualities are improved 


*portionate to the zinc content. While all of these alloys 


an be cold worked, those with abou 
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t 70 per cent copper con- 


tent have the best physical properties when used for draw- 
ing or spinning. Extensive hot working is best effected on 
alloys with copper contents up to 63 per cent and over 84 
per cent. 

Alloys Nos. 1 and 2 (B36, B134): Because of their color, 
which resembles that of true bronze, these alloys commonly 
are known as “commercial bronze”. Since they are less ex- 
pensive than true bronze they often are substituted for it. 
Hot-working properties are excellent, cold-working proper- 
ties are good, and welding can be effected by several of the 
commonly known methods. They provide an excellent base 
for enamel finishes. 


Alloy No. 3 (B36, B134); Alloy 1 (B135): Known commer- 
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Materials Work Sheet 


Has excellent cold work- 


cially as red brass or rich low brass. 
ing properties; can be spun, drawn, stamped, cold forged and 


upset. Its hot-working properties are rated good and are 
much the same as those of copper in some operations. Like 
copper, lead content is held to a trace to avoid cracking dur- 
ing hot working. This alloy is preferred to copper for re- 
sisting the action of salt, brackish or corrosive inland waters. 
Consequently it is used extensively for pipe and tubing in 
plumbing and heat exchangers. Differs from brasses of higher 
zinc content in that it is relatively immune to season cracking 
and dezincification. 

Alloy No. 3 (B135): “Low-Leaded Brass.” Excellent alloy 
for general-purpose brass tube, having good corrosion resist- 
ance, strength and surface finish. Often used in the manu- 
facture of tubular products which require only a moderate 
amount of machining. Capacity for being expanded, bent, or 
otherwise cold worked is high. 

Alloy No. 4 (B36, B134): “Low Brass.” Hot-working op- 
erations are accomplished satisfactorily only when closely con- 
trolled and when the lead content is held to a trace. Corro- 
sion resistance is good and resistance to season cracking and 
dezincification is slightly lower than in 85-15 red brass. 

Alloy No. 4 (B135): Extensively used for screw-machine 
tubular products. Machinability is somewhat less than that 
of free-cutting brass. 

Alloy No. 5 (B36, B134): “72/28 Brass.” Has best com- 
bination of strength and ductility of all the copper-zinc alloys. 
Has excellent cold-working properties and if lead content is 
below .05 per cent, hot-working properties are fair. Good re- 
sistance to corrosion. 4 

Alloy No. 6 (B36, B134): “70/30 Brass.” Also known as 
Cartridge Brass. Has excellent cold-working ‘properties, be- 
ing used primarily for deep drawing. Hot-working proper- 
ties are considered fair but depend on the lead content, the 
presence of .05 per cent resulting in cracking at hot-working 
temperatures. Generally, however, this alloy does not con- 
tain over .01 per cent lead and as a result can be hot worked 
satisfactorily. : 

Alloy No. 7 (B36): “2:1 Brass.” Widely used for deep- 
drawn parts, consequently is furnished principally in the an- 
nealed condition. 

Alloy No. 8 (B36, B134): “High Brass.” Has been known 
also as Common High Brass, Drawing Brass and Yellow Brass. 
Cold-working properties are excellent, thus it is used exten- 
sively for such fabrication methods as deep drawing, form- 
ing, spinning, etc. Has poor hot-working properties. 


APPLICATIONS 


All of the following applications pertain to alloys covered 
by ASTM Specifications B36 and B134 only. 

Alloy No. 1: Fuse caps, primers, etc. Makes exceptionally 
good base for articles to be plated, highly polished or coated 
with vitreous enamel. 

Alloy No. 2: Escutcheons, forgings, grillwork, hardware, 
kick plates, line clamps, primer caps, projectile rotating bands, 
rivets, screen wire, screws, screw shells, etc. 

Alloy No. 3: Condenser tubes, electrical conduit, eyelets, 
fasteners, flexible hose, hardware, heat exchanger tubes, pick- 
ling crates, plumbing pipe, radiator cores, screw and socket 
shells, trim, etc. 

Alloy No. 4: Battery caps, bellows, clock dials, drawn and 
formed parts, flexible hose, trim, etc. 


152 










Alloy No. 6: Cartridge cases, ey 
drawn and -spun parts, etc. 
Alloy No. 7: Bead chain, eyelets, fasteners 
socket shells, springs, deep-drawn parts, etc, 
Alloy No. 8: Grillwork, gromets, screws, rivets, reflectors 
springs, chain, eyelets, fasteners, hardware, kick plates, vies 





elets, rivets, Springs, tubes 


» SCTeW and 














push plates, radiator tanks and cores, screw and socket shells 
blanked, spun and drawn parts, etc. 


FABRICATION 


MACHINABILITY: 

All the alloys of Specifications B36 and B134 are machi. 
able, but their machinability rating is considerably below tha 
of free-cutting brass which owes its excellent machining char. 
acteristics to the presence of approximately 3 per cent lead in 
the alloy. Assuming free-cutting brass to have a machip. 
ability rating of 100, it is convenient to assign a rating of 
to Alloys 1 and 2 of Specifications B36 and B134 and a rating 
of 30 to Alloys 3 to 8. The lead-bearing alloys 8 and 4 of 
Specification B135 have ratings of 60 and 80 respectively, 
These are not rigid classifications because machinability can. 
not be defined precisely and an alloy may vary in its behavior 
according to the circumstances under which it is handled, hp 
general, machinability of these alloys improves as the copper 
content decreases. All of them produce long and tough tum- 
ings or chips. 


DRILLING: 

For drilling Alloys 3 to 8 (Spec’s. B36, B134) it often is 
found advisable to grind the rake of a standard twist drill to 
zero degrees and flatten the cutting edge approximately 6 to 
8% of the drill diameter. Standard twist drills are used sat- 
isfactorily without alteration for Alloys 1 and 2 (Spec's. B36, 
B134), although the so-called high-spiral drills having a helix 
angle of about 40 degrees are particularly suitable, especially 
for deep drilling. Although these materials sometimes ae 
drilled dry, lubrication is recommended. 

When using high-speed steel drills with lubricant, speeds of 
50 to 125 feet per minute are suitable for Alloys 1 and 2, and 
75 to 250 feet per minute for Alloys 3 to 8. Feeds nonmally 
range from approximately .003 to .02-inch per revolution de- 
pending on drill size. 


REAMING: 

When specifying the size of drilled hole to precede ream 
ing, leave sufficient stock in the hole, especially where wal 
thickness is small in relation to the hole diameter. Such pre 
caution will insure against burnishing action which results in 
undersize holes and excessively rapid wear of the reamet 
Straight-fluted reamers have a tendency to chatter on som 
types of work. Standard spiral-fluted reamers with 7 to B 
degree helix angle work satisfactorily, while left-hand spiral, 
right-hand cutting types give excellent results. 


TAPPING: 

Except in the comparatively few cases where an extremely 
close thread fit is required, it is advisable to specify a tar 
drill size which will result in a 75% depth of thread. 10 
threads are only 5% stronger than 75% threads, but requ 
more than twice the power to tap and, in addition, preset 
problems of chip ejection and correct tap design for the par 
ticular metal. An ample supply of cutting fluid is used 
all tapping operations. 


HOT AND COLD WORKING: Fs 
Hot workability of these alloys is governed largely by ® 
amount of lead present in them as an impurity. ei 
amounts greater than approximately .02 per cent leads to 
shortness and seriously restricts the permissible range of tet 
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Prings, tubes, 
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ts, reflectors 
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perature for 


hot working. The alloys of higher copper con- 


tent, such as Alloys 1, 2 and 3 of Specification B36 are more 


plastic at elevated te 


mperatures than the others. 


HOT AND COLD-WORKING PROPERTIES 


Alloy Hot - Working 
\STM Spec. and Cold Hot Temperature 
Commercial Name) Working Working (deg F) 
Alloy 1 
Se Netal) 3 Excellent Good 1400-1600 
34, Alloy 2 
saat Bronze) .. Excellent Good 1400-1600 
p36, B134, Alloy 3; 
1 _ - 
oe of ees a: Excellent Good 1450-1650 
Alloy 4 4 
rn ge ol Excellent Fair 1500-1650 
34, Alloy 5 bales 
Se ese) Hd Excellent Fair 1350-1550 
336, B134, Alloy 6; 
Alloy 2 aN ss 
= Brass) Excellent Fair 1350-1550 
Alloy 7 
* l Brass) Excellent eet Fe. 
B36, ori | 
Bl oy 
ee Brass rolled flats) Excellent ae = —«s ses RK ee 
B134, Alloy 8 
High Brass wire) . . Beers: one PA 
B135, Alloy 5 J r 
(Muntz Metal) Fair Excellent 1150-1450 
B135, Alloy 3 
Low-leaded Brass tube) Excellent re - 
B135, Alloy 4 
High-leaded Brass tube) Fair ME Sada aes 


___ Alloy Silver 
(ASTM Spec. and Alloy 
Commercial Name) Brazing 
B36, B134, Alloy 1 

Gilding Metal)... Excellent 


B36, B134, Alloy 2 
(Commere’l Bronze) Excellent 


B36, B134, Alloy 3: 
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extremely 
ify a tap 
ad. 100% 
ut requife 
n, preseat 
r the pal 
; used for 





ly by te 
Lead is 
ds to hot 
e of tel 


ust, 194 








B135, Alloy 1 

‘Red Brass) . Excellent 
B36, B134, Alloy 4 

‘Low Brass) |. Good 


B36, B134, Alloy 5 
‘72/28 Brass) 

836, B134, Alloy 6; 
B135, Alloy 2 

70/30 Brass) |. 
B36, Alloy 7 

2 & 1 Brass). 
B36, Alloy 8; 

134, Alloy 7 

‘High Brass 

— flats) . 
134, Alloy 8 

High Brass Wire) 
‘Muntz Metal) 
B135, Alloy 3 
(Low-leaded 


Good 


Good 


Good 


Good 
Good 


Good 


Good 


Good 


Oxyacet- Carbon Resistance 
ylene Are Welding 
Welding Welding (Spt.&Sm.) 
Fair Good Poor 
Good Good Poor 
Good Good Poor 
Good Fair Poor 
Good Fair Fair 
Good Fair Fair 
Good Fair Fair 
Good Fair Fair 
Good Fair Fair 
Good Fair Fair 
Fair Fair Fair 
Fair Fair Poor 
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While most of the alloys have excellent cold-working prop- 
aties, frequent annealing is advisable where heavy reduc- 
tims are required in drawing, rolling, pressing, spinning, etc. 
Best of these alloys for deep drawing is 70/30 brass. 


SUITABILITY FOR WELDING AND BRAZING 





ANNEALING 


When it is necessary to anneal these alloys during fabricat- 
ing operations, it generally will be found that a temperature 
in the range from 800 to 1200 degrees Fahr. will produce the 
desired characteristics. The temperature actually used for 
any alloy will depend somewhat on the characteristics de- 
sired, the lower temperatures producing harder, stiffer and 
less ductile material than the higher temperatures. Grain 
size is the best criterion of the degree of anneal and ac- 
curately determines the properties in the annealed state. In 
general, the small grain sizes around .015-millimeter are used 
where an excellent surface and considerable stiffness are re- 
quired. Increased grain size up to perhaps as high as .035- 
millimeter for high-copper alloys or .05 to .07-millimeter for 
yellow brasses would be required where the degree of work- 
ing or the complexity of the shape is increased. In cold- 
worked brass, internal stresses that may cause season crack- 
ing frequently can be relieved by heat treatment at about 
480-520 degrees Fahr. which is below the temperature needed 
to produce any softening effect. The time of such treatment 
may vary from a few minutes to several hours depending on 
the kind of article and amount of material being treated. 


RESISTANCE TO CORROSION 


These alloys have generally good corrosion resistance but 
there is considerable variation in resistance according to com- 
Usually the higher the zinc content of the brass the 
Alloys contain- 


position. 
better its resistance to sulphur compounds. 
ing about 80 per cent of copper or less sometimes are subject 
to dezincification, a form of corrosion in which the zinc is 
selectively removed from the alloy resulting in the formation 
of porous masses or layers of copper in the article undergo- 
ing corrosion. In plumbing work the use of red brass (Alloy 1, 
B135) has eliminated failures by dezincification entirely. 


GALVANIC CORROSION 


Like copper, these alloys are more noble than most com- 
mercial metals and alloys. They are cathodic to aluminum, 
iron, magnesium and zinc, and the latter metals and their 
alloys are corroded galvanically when coupled with the 
brasses in the presence of reasonably strong electrolyte. Se- 
verity of the attack upon the less noble materials is depend- 
ent on the relative anodic and cathodic areas, strength of 


electrolyte, temperature, and polarization effects. 


MATERIAL DESIGNATIONS 


SHEET AND STRIP (ASTM Spec. B36-43T) 
ASTM 


Alloy No. Federal Army Navy 
Beets. sieve 57-171-2 
tere, 57-171 
Desh ak Os 57-160 
etc adienhons 57-160 
6 OQ-B-61lla Federal 
Comp. E 57-172-1C 
Lg aay a sea QQ-B-6lla Federal A47B2 
Comp. C (INT) 
WIRE (ASTM Spec. B134-42T) 
aivku t2sctcee QQ-W-321 Federal Federal 
Grade C 
7 QQ-W-321 Federal Federal 
Grades A & B 
TUBE (ASTM Spec. B135-43T) 
Be. Alas Cues WW-T-791 Federal 44T15b. Grade 1 
Grade 1 44T16 (INT) 
a ee WW-T-791 Federal 44T15b 
Grades 2 & 3 Grade 2 





Correction: Work Sheet on Aluminum Alloys 2S, 3S and 52S 
appearing in July issue carried Filing No. 17.01. Filing number 
should have been 9.01. 
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ASSETS to a BOOKCASE 


Automatic Control Engineering 


_ By Ed Sinclair Smith, research engineer, Eclipse- 
Pioneer division, Bendix Aviation Corp.; published 
by McGraw-Hill Book Co. Inc., New York; 367 pages, 
5% by 8% inches, clothbound; available through Ma- 
CHINE Desicn, $4 postpaid. 


Automatic control being an extremely important phase 
of machine design and mechanical processing, it is rather 
surprising to find there has been a dearth of technical 
books published on the subject. Certainly there has 
existed a need for such a volume. Yet in spite of this 
most of the data appearing prior to this present work was 
to be found mainly in technical journals, engineering so- 
ciety papers and company publications. 

Suffice it to say that within the pages of this text the 
reader will find a wealth of information on the charac- 
teristics and operating principles of numerous types of 
control units such as valves, meters and regulators as well 
as of the systems in which these units are employed. 
Many phases of design and utilization are presented in- 
cluding quantitative analysis, aspects of control, under- 
lying physics, mathematics of transients, and analytic 
methods for the solution of differential equations. Con- 
siderable pertinent tabularized matter is offered and, for 
those who wish to pursue the study of control to its ulti- 
mate, unusually complete reference lists are supplied. 


oo 


y Mechanical Springs 


By A. M. Wahl, Westinghouse Electric & Mfg. Co.; 
published by Penton Publishing Co., Cleveland; 435 
pages, 6 by 9 inches; clothbound; available through 
Macuine Desicn, $6 postpaid. 


Here at last is a complete text on the design, selection 
and specification of springs. The need for this book has 
long been felt by the machine design profession and that 
need has been given considerable emphasis in recent years 
by the demands of modern machines for more and more 
precision in design and construction. There are but few 
machines which utilize no springs whatsoever and in 
many the proper functioning of their various units is de- 
pendent largely on the skill with which the actuating 
springs have been selected and designed. 

Often the machine designer has a choice of two or more 
spring types which might be specified for a particular 
application, and deciding which type will serve best can 
be quite puzzling. Should his decision be based pre- 
dominantly on “rule of thumb” methods, the spring might 
fail in actual service because such factors as fatigue, in- 
ternal stressing, creep effects, surging, buckling, etc., have 
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not been accorded due consideration. However, once 
armed with authentic facts concerning the characteris 
of the various spring types, he can proceed on a sound. 
rational basis which is free of guess work. 

This, then, is a book which takes the uncertainties out 
of the use of mechanical springs. Dr. Wahl has bee 
most thorough in his searching analyses of just what goes 
on in all kinds of springs under all kinds of conditions 
His data are based on research conducted ‘not only by 
himself, but by many contemporary authorities in te 
spring field. a 

Dealing first with the more elementary consideration 
the discussion proceeds to helical tension and compre 
sion springs, Belleville, flat and leaf, torsion, spiral, ring 
volute and rubber types, giving complete coverage to al 
phases of their design, selection and specification, Th 
many graphs and tables presented give the reader quick 
access to stress, deflection and loading values and abm 
dant drawings and photographs are employed to quialily 
the discussion throughout. 


oo @ & 


Graphical Solutions 


By Charles O. Mackey, professor of heat power 
engineering, Cornell university; second edition; pub- 
lished by John Wiley & Sons Inc., New York; 152 
pages, 5% by 8s inches, clothbound; available 
through Macuine Desicn, $2.50 postpaid. 


Where the designer uses the same formulas from di 
to day in his ‘work there are few things which will eme 
dite calculations for him as much as graphical solutions 
While it is true that one occasionally meets an enginet 
who claims that he does not need to use the slide rik, 
the advisability of such procedure is open to question. 
There are many types of sliding scales which can be de 
veloped for solving various kinds of engineering eq 
tions. All that is needed is an understanding of the pit 
ciples underlying the proportioning of the scales. Thes 
principles are expounded thoroughly in this fine little test 
book. 

Of course there are many forms of graphical solution 
other than sliding scales that can be used to consid 
advantage in design. There are, for example, the ne 
work or intersection charts for representation of equ 
tions containing three or more variables, alignment charts 
with which all engineers are familiar, and the varios 
curves, periodic and nonperiodic, which help so 
in dealing with empirical equations. 

If you are not now acquainted with the proce 
used in developing graphical solutions, this 
show you how. 
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Reconversion 


The time for complete reconversion to 
civilian production is when Victory is ours. 
The time to start thinking about it is NOW. 


When that great day comes, manufacturers of 












power every line of products will be looking for a 
- pub- dependable source of supply for sleeve bear- 
; 152 ings ... one that can deliver to exacting 
uilable specifications —without delay. 
This you will find at Johnson Bronze. While all 
from day of our present production is for essential war 
vill expe needs. . . our reconversion problem is relatively 
solutions simple. All we need is a new set of prints. 
iss § When manufacturers place their bearing re- 
lide rule, quirements with Johnson Bronze they gain the 
question. advantage of more than thirty-five years of 
in. be de 8 exclusive bearing experience—plus complete 
ng eque facilities for the manufacture of every known 
the prit type. When you start thinking about your 
These postwar product, call in a Johnson Engineer. 
ttle test Permit him to review your applications . . . to 
make recommendations based on facts, free 
from prejudice. There is one located as near as 
solution your telephone. 
siderable 
the net DISTRICT SALES OFFICES: Atlanta - Boston - Buffalo - Chicago - Cincinnati - Cleveland - Dallas 
of eque Detroit - Kansas City - Los Angeles - Minneapolis - New Castle - Newark - New York - Philadelphia 
it charts, Pittsburgh - St. Louis - San Francisco - Seattle. r 
- various 
“wIOHNSON @& BRONZE 
P: MOST 
anal F a E Nx 
a SLEEVE BEARING BEARING HEADQUARTERS 
5925S. MILL STREET Wy NEW CASTLE, PA. 
st, 19H 
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of Engineering Parts, Materials and Process 


Plastic Handle Serves as Heat Insulator 


UTOMATIC compensation for temperature 
variations is combined with the employment 
of a low thermal-conductivity molded Tenite handle 
—preventing transmission of heat from the operator’s 
hand—to achieve optimum precision in measure- 
ments made with the portable indicating comparator 
shown at right. As a further safeguard to accuracy 
the plastic handle is so designed that the operator’s 
thumb will not touch the indicator. Injection- 
molded, it is made in two parts to provide a hollow 
handle of correct weight and balance. 


Diesel Employs Integral Heat Exchanger 


psn parts of Hendy Diesels are the tube- 

type cooling-water heat exchangers with fresh 
and raw water pumps and complete piping, shown 
in the photograph below. As a result, corrosion 
within the cylinder jackets and heads due to use 
of raw or salt water is eliminated and more efficient 
operating temperatures are maintained. 


ground and other factors it automatically stops ti 
grinding operation. Heart of the unit is a smi 
electronic tube of the type used in home radio 
ceivers. Because it has no continuously movitg 
parts the timer is particularly useful for ofter 
repeated, short-time cycles. 








© ge cea, 


Times Grinding Period 










LECTRONIC time-delay relay, indicated by arrow in illustra- 
tion of grinder at right, times the period for grinding concen- 
tric bores in the stators of Tri-Clad motors. This G. E. timer is pre- 
set so that after a certain period, depending on the amount to be 
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ELECTRONIC TIMING 


Industry is making increasing use of 
electronic timers in timing or con- 
trolling intervals that are beyond the 
accuracy and scope of mechanicel 
measurement. Such applications as 
measurement of the speed of a cam- 
era's shutter, welding control, plastic 
molding, photographicexposureand 
measurement of turbine speeds are 


typical. 


Series 175 Relay 


H 
gf 


THERE’S A JOB FOR Relays sy GUARDIAN 


The above diagram of an electronic timing circuit 
shows a capacitor and an adjustable resistor con- 
nected te the grid of a thyratron or “trigger” type of 
tube. As the capacitor discharges, the grid potential 
reaches a point where the tube becomes conductive 
and energizes a relay. 

The relay is generally a fast-acting type such as the 
Guardian Series 175 operating at a speed which min- 
imizes interference with the timing interval. Coil op- 
erating voltages range from 6 to 110 volts D.C. (Also 


1601-3 W. WALNUT STREET 


e available for A.C. in Series 170). Contacts are rated at 


12% amps. at 110 volts, 60 cycles, non-inductive in 
combinations up to D.P., D.T. Bakelite base is molded 
to reduce surface leakage. Has binding post terminals 
in place of solder lugs. Write for Bulletin 175. 

Consult Guardian whenever a tube is used—how- 
ever—Relays by Guardian are NOT limited to tube ap- 
plications but are used wherever automatic control is 
desired for making, breaking, or changing the char- 
acteristics of electrical circuits. 


CHICAGO 12, ILLINOIS 


GUARDIAN® ELECTRIC 


A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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Aircooled Speed Reducer 


AirKooled worm gear speed reducers introduced by Phila- 
delphia Gear Works, Erie avenue and G street, Phila- 
delphia 34, have worm speeds of 580 to 1750 revolutions 
per minute. In this type of aircooled unit heat is dis- 





sipated by drawing cooling air through the double-walled 
housing with a suction fan mounted on the worm shaft. 
The reducers offer a saving in space and approximately 
a 40 per cent reduction in weight as compared with the 
standard’ unit of the same capacity, the latter figure being 
based on a worm speed of 1750 revolutions per minute 
at which the rating advantage is greatest. 


Coupling Offers Protection 


P ROVIDING 
PROTECTION _ to 
operators, the new 
LR Type “C” 
shrouded _ flexible 
coupling of Lovejoy 
Flexible Coupling 
Co., 5009 West 
Lake street, Chicago 
44, is designed with 
a heavy steel collar 
holding the load 
cushions in place. 
An extension of this collar encircles the coupling and safe- 
guards the material ard fingers from the heads of the 
bolts that secure the load cushion retainer. Individual 
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OFFERING INCREASED horsepower ratings, the new 









New PARTS AND MATERIE 


free-floating load cushions between the rugged jaws y 
held in position between an inside steel sleeve and 
removable steel collar. Types are available for dix 
attachment to flywheel, also drum types and others § 
rapid disassembly without disturbing drive or dry 
equipment. Cushions of various materials suitable 

the particular service on which the coupling is used m, 
be employed for correcting misalignment, protection fy 
shock and vibration, and other transmission difficulis 
In operation half the cushions are idlers (except on teve 
ing load). The noiseless coupling is designed for her 
duty services from 4.6 to 806 horsepower at 100 rewh 
tions per minute. 


Electronic Voltage Regulator 


FOR USE WITH G-E resistance welding controls th 
include the phase-shift method of heat control, Gene 
Electric Co. offers its new electronic control. This x 
voltage regulator is designed to regulate welding 

automatically so that it is held constant regardless 
line-voltage variations of as much as plus 10 or mim 
20 per cent. Known as the CR7503-D157, it consists d 
resistor circuit connected to the power line supplying 
welding machine, and an electronic circuit. When & 
regulator is in use, the electronic circuit functions not a 
to hold the average voltage of the resistor current 0 

























stant, but also changes, electronically, the phase-com? 
voltages of the main welding control panel. Thus # 
voltage drops, the regulator advances the phasee® 
voltages, automatically holding the welding current 
stant within close limits. Housed in a steel eng 
the unit can be used on welding circuits whos a 
factor is from 20 to 70 per cent, and can be = | 
from 230/460/575 volts on a 50/60-cycle powet ** 
The regulator operates whether the welding 
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VIM leather packings help control the 
muscles in these strong arms 


Milwaukee comes clean! To collect rubbish, 
the city’s Department of Public Works uses 
trucks equipped with special hoists built 
by The Heil Co. By the touch of a hand, tele- 
scopic cylinders raise the truck body and the 


rubbish slides out to its final resting place. 


Sealing the hydraulic mechanism that 
provides the lift are VIM Leather Packings 
—capable of resisting pressures up to 
100,000 PSI, and providing long-time service 


and lowest maintenance cost. 


niet pice nginadted 


No matter what your design involves 
in hydraulics, Houghton’s VIM Leathers, 
properly installed, will last longer. They 
are impregnated to be impervious fo oil, air 
or gases. They're engineered correctly — 


a “plus” feature that appeals to designers. 


To learn more about these packings and the 
design service our engineers render, call 


The Houghton Man or write— 


E. F. HOUGHTON & CO. 


303 W. LEHIGH AVE. PHILADELPHIA 33, PA. 






IM Leather heching 





flowing or not, enabling it to compensate for sudden volt- 
age drops in less than three cycles with approximately 
75 per cent of the compensation taking place during the 
first cycle. 


Beliows Type Shaft Seals 


ELIMINATING stuffing-box leakage in centrifugal and 
rotary pumps, refrigeration compressors, speed reducers, 
agitators, gearboxes and other rotary-shaft equipment, the 
new bellows type shaft seal developed by The Crane 
Packing Co., 1825 Cuyler avenue, Chicago 13, has been 
tested on many exacting services. It operates at speeds as 
high as 5000 revolutions per minute, pressures to 300 
pounds per square inch, temperatures to 240 degrees Fahr., 
and on shafts as large as 5%¢-inch diameter. The seal con- 





sists of three parts: A flexible synthetic rubber bellows 
which grips and seals along the shaft; a stationary seat, 
held in a synthetic rubber sealing ring; and a sealing 
washer which turns with the shaft and is held against 
the stationary seat by spring pressure.. Contacting faces 
of the washer and seat are lapped to form a leakproof 
seal. The bellows construction permits the washer to 
remain in contact with the seat as the sealing faces 
wear. Correct working pressure is maintained as the flex- 
ible bellows offers no resistance to the spring. 


“Push-Pull” Circuit Breaker 


CONFORMING to 
Navy _ specifications 
M-538 and NAF- 
1218, the new air- 
craft circuit break- 
ers introduced by 
Spencer Thermostat 
Co., Attleboro, 
Mass., offer a “push- 
pull” feature. The 
pull permits the 
opening of the 
breaker manual for 
maintenance of the circuit without de-energizing the en- 
tire power system. To place the breaker in this posi- 
tion requires deliberate action which retains the desir- 
able feature of being safe against accidental tripping 
when operating adjacent switches. The “push-pull” but- 
ton travels outwardly approximately %-inch upon trip- 
ping and exposes a three-colored band, part of which 
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is luminous so that indication is given under al] conditions 
Nontrip-free action is provided by a specially designe 
“shunting” switch. Compact and light in weight, the 
breaker will carry at least 120 per cent of rated curren 
continuously, and trip ultimately at 138 per cent 
rated current in an ambient temperature of 25 de 
Cent. Usual requirements of shock, vibration, and mn 
tion regardless of the position of the mounting are met 
The breaker is available in ratings from 5 amperes to 5 
amperes, with standard AN mounting dimensions, an 
is suitable for 30-volt direct-current systems. 














Fan-Cooled Gear Reducer 


| NCORPORATING A fan-cooling system which permi 
a reduction in size of unit required for a given horsepowe 
output, a new worm gear reduction unit, known as Speed 
aire, has been announced by Cleveland Worm & Gear Co, 
3249 East Ejightieth street, Cleveland 4. Of double-wa 
construction, the cooling system provides an air passage 
completely enveloping the oil reservoir in which the gear 
operates. The inner housing wall forming the oil reser- 
voir is deeply finned on the air side, resulting in an in- 
creased heat-dissipating surface. Located on the coup. 


SPEEDAIRE § 
FW | 





ling end of the worm shaft, an exhaust fan draws air a 
high velocity through the space between the housing walls 
from a grille at opposite end of unit. It is designed t0 
operate in either direction of rotation. The operating 
temperature is lowered by this high velocity air stream 
giving the unit a greatly increased load-carrying capacity. 


Aircraft Autotransformers 


ANNOUNCED BY General Electric Co., Schenectady 
N. Y., two small size autotransformers have been d 

to furnish alternating-current voltage for operation of Al 
cycle aircraft instruments. They are light in weight, ‘ 
6 volt-ampere unit weighing 2 ounces and the 12 . 
ampere weighing 3 ounces. Dimensions are approxima 

ly 13% x 1% x 11/16 inches. Both operate over a y 
quency range from 380 to 420/cycles. These units can 
applied on planes having a 110-120 volt, alternating 
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“Monel over Monel” 






WATER STRAIN- 
Hwa) x 12” long, used 
Army and Navy craft op- 
gaing near shore. 5O-mesh 
Monel wire cloth cylinder, 
with brazed seam, is brazed 
os the backing of perforated 
Monel sheet, described below. 


MONEL*™K" MONEL «57 MONEL *“R” MONEL* "KR" MONEL 
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© INCONEL °“Z” NICKEL * NICKEL ° Sheet...Strip 


CLEANS SANDY SEA WATER 
FOR INVASION-SUPPORT CRAFT 


wire cloth strainer gives double service 


The water sucked up near shore to cool 
engines of small craft carries silt and 
sand that pound at strainers. 

In addition, the water itself subjects 
the strainers to the combined attack of 
corrosion and erosion. 

Two years was considered a reasonable 
life for strainers until the “Monel over 
Monel” type shown here was developed. 
Such strainers have given over five years 
of service with little sign of wear... are 
so much more durable that they were 
adopted for use on Navy patrol boats, 
tank lighters, Army and Navy landing 
craft and rescue boats. 

Made by the Gross Mechanical Labora- 
tories, Baltimore, Md., these double-life 
double-strainers consist of fine Monel 
wire cloth backed up by perforated light 
gauge Monel sheet. 

Monel wire cloth has the strength and 
toughness to resist abrasion and erosion, 
together with high resistance to corro- 
sion by sea water and brackish waters. 
Monel is formed readily and is brazed 
and joined to other materials without 
difficulty, thus permitting speedy eco- 
nomical fabrication. 

Today all prominent weavers produce 
Monel wire cloth for war requirements 
and for essential production and main- 
tenance needs where Monel’s rare com- 
bination of properties is needed. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 WALL STREET NEW YORK 5, N. Y. 


PERFORATED MONEL 
SHEET STRAINER, used 
alone as strainer or with 
Monel wire cloth assembly 
where fimer screening is re- 
quired. Made from .031 Monel 
sheet, spot welded, with ends 
of tin-coated brass. 








wicker 41 atioys 





---Rod...Tubing...Wire...Castings 
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current source available, this eliminating the need for 
additional inverters to supply, from the direct-current 
source, the correct alternating-current voltage. With suf- 
ficient ventilation the autotransformers will operate at any 
altitude, and while rated at 120-volts input, are suitable 
for operation over a voltage range from 110 to 130 volts. 


Barrier Type Terminal Strip 


DUE TO THE demand 
for a barrier type ter- 
minal strip with facilities 
for connections both 
above and below the 
mounting surface, How- 
ard B. Jones Co., 2460 
West George street, Chi- 
cago 18, has designed its Y-type terminal which mounts 
on the company’s standard barrier strips. This permits 
a screw connection above the panel and a solder con- 
nection below. Made for Nos. 140, 141 and 142 barrier 
strips, the Y-type terminal mounts securely in the block 
and is held by a screw so that the connecting wire comes 
in direct contact with the terminal. According to Navy 
specifications 17P4 the body is bakelite and the terminal 
is tin-plated brass. Being of sufficient height, the bar- 
riers give desired creepage distance and prevent shorts 
from frayed wires. 





Pivot Type Ball Bearings 


Now AVAILABLE from Miniature Precision Bearings, 
Keene, N. H., are pivot type ball bearings in sizes rang- 
ing from 2 to 10 millimeters outside diameter. They are 
offered in beryllium, stainless or chrome steel as required 


ACTUAL SIZES 


ec) @) 





for specific applications. Bearing races are machined 
from solid bar stock and finished on raceway and exterior 
surfaces. Each bearing is equipped with four balls of 
the same material as the cup, and fitted with a retaining 
cap. 


Relays for Circuit-Switching 


Two NEW RELAYS designed by Potter & Brumfield 
Mfg. Co., 103 North First street, Princeton, Ind., for cir- 
cuit switching in radio equipment and other similar de- 
vices, have unlimited uses in many other fields, including 
aircraft installations. For applications where size and 
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weight are important, Type KR relays are sturdy in o& 
struction. Where current is not too limited the dire 
current types can be adjusted to withstand vibration 
countered in most aircraft applications. They can he 
provided with mechanism for easy adjustment of armat 
spring where a critical pull-in value of current or vous 
is required. Unless otherwise specified, contacts are § 
silver, rated at 3 amperes, 110 volts, 60 cycles, nonindya 
tive. Coils available for voltages up to 110 volts, § 
cycles, or 60 volts direct current. Contact arrangements 
are up to and including double-pole, double-throw. 7} 
type is 1 11/16 inches long, 1% inches high and ] 3/ 
inches wide, and weighs 1% to 2 ounces. The secop 
series, Type KL, has approximately twice as much ogi 
space and a larger number of poles, and will operate of 
values as low as .2 watts. Contacts are also fine silva 
and are rated at 3 amperes 100 volts, 60 cycle nonindua 
tive. Coils are supplied for voltages up to 220 volts, 50 
cycle or 110 volts, direct current. Contact arrangements 
are -up -to and including four-pole, double-throw. 
dimensions for this type are 1 13/16 x 1 18/16 x 1 18/16 
inches. E 


Splined-Shaft Coupling 


PRODUCED FOR 
various loads, a new 
splined-shaft coup- 
ling is being manu- 
factured by Bush- 
ings Inc., 3442 West 
Eleven Mile road, 
Berkley, Mich., to 
stop the transmis- 
sion of noise, absorb 
any shock and im- 
pact and to compen- 
sate for misalign- 
ment between drive 
and driven shafting. 
The new coupling uses synthetic rubber as the i ‘ 
ing medium to permit operation in the presence of lubri- 
cant, and consists of a splined inner sleeve, a flange and 
separating bushing of the synthetic. The same general § T| 
design with either keyway or splines, as illustrated can 
be utilized for handling any load by the use of propét 
hardness and thickness of the rubber or synthetic. ™ 
company in all cases applies the rubber or synthetic to 
parts furnished by the customer to produce the finished 
couplings. 








Floating Cage Type Speed Nut 


FoR BLIND attachment the new self-locking Speed Nuts 
developed by Tinnerman Products Inc., 2085 Fulton road, 
Cleveland 13, are available in two styles: A6939 of brass 
and phosphor bronze for use with standard 6-32 machine 
screws, and A5939 of spring steel for use with stan 
6Z sheet metal screws. Both styles fit panel a 
from .062-inch up and require only one clearance a 
of .171l-inch diameter for attaching. Approved by = 
Air Forces, the new cage nut has a wide range of app 
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BOTH IN ACTION AND SERVICE 
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The combined ball-and-swivel action makes this a truly uni- 
teal joint for fluid-conveying pipes...with movement in every 
% tion. And the consistently satisfactory performance of 
Hareo Flexible Joints in every field of industry and transpor- 

finished tion for thirty years past has made them a favorite the world 
wer. Barco Manufacturing Co., Not Inc., 1806 Winnemac 
Avenue, Chicago 40, TI]. 


Not just a_ swivel 
joint ...but a com- 
bination of a swivel 
and ball joint with 
rotary motion and 
responsive move- 
In Canada: The Holden Co., Lid., Montreal, Canada ¢ 5 : Sa ies 








“MOVE IN DIRECTION” 
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cations, and can be made in larger screw sizes to meet 
individual requirements. No special tools are needed to 
install the fastener. The cage is compressed, as shown 
in the accompanying illustration, and the legs are inserted 
into the clearance hole. These spring apart when pres- 
sure is released, the turned-up ends clearing the back 


e7PANEL OR SHEET 





side of the panel. The nut will hold against the force 
of inserting the screw and the screw-tightening torque, 
and the floating nut within the cage allows for any mis- 
alignment of clearance holes. 


New Type Air Motor Offered 


DEPARTING FROM conventional air cylinder design, 
Model BM air motor introduced by The Bellows Co., 
Akron, O., is a complete, self-contained power unit, with 
integral valve, operating lever and speed controls, per- 
mitting full control over all phases of operation. The mo- 
tor operates on any air pressure up to 175 pounds per 
square inch. Power thrust is approximately five times 
operating air-line pressure, and air consumption is low. 
The air motor is available in strokes ranging from 112 
inches to 48 inches. Adjustable to any angle, the valve 
operating lever is easily synchronized by simple linkage, 





cam or solenoid controls, to the machine cycle for auto- 
matic operation. Dual exhaust throttle controls permit 
speed regulation of the piston rod in either or both di- 
rections. The air exhaust streams may be used to eject 
parts from holding devices or to clean chips and dirt 
away from the work area. Many hand operations such 
as feeding work to tools, tools to work, opening and clos- 
ing of vises and holding fixtures, and operating clutches 
and latches, can be made fully automatic by the applica- 
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tion of this air motor. It also provides a source of f 
power for various staking, clamping and embossing 
erations. 


Silver in Electrical Equipment 


FOR APPLICATION in equipment such as search 
and airplane turrets, and in various precision instr 
and control equipment where maximum conductiyity 
minimum contact resistance are required, Gibson Files 
Co., 8355 Frankstown avenue, Pittsburgh 21, is pp 
ing various current collector devices made of silyep 
silver alloys. Small and intricate commutator segm 
of various shapes for numerous applications are: 

within close tolerances, with maximum hardness 

















wearing qualities of both silver and silver alloys bei 
maintained. Shown in the accompanying illustration : 
a few typical parts being produced to meet the requig 
ments of electrical manufacturers for special application 


Pressure-Sealing Tapes 


PRESSURE-SEALING tapes for identifying, cul 
labeling, masking, splicing, insulating, protecting, etc. 

being offered in the Filmonize line of International Pls 
Corp., Morristown, N. J. This line consists of tran: pare 
tapes, single and multicolored tapes, printed (nument 
alphabetical, or specially designed combinations) lua Hy 
nous, electrical and masking tapes in widths ranging ™ 
% to 18 inches. Having high tensile strength, the tapqmra 
are weatherproof and are unaffected by extreme temp? 
tures, sea air, salt spray, chemical fumes or Wat att 
Acetate backing reduces curl-back and telescoping, 
ends stretching and shrinking. 


e 


Ribbon-Rectangular Magnet Wire 


AVAILABILITY OF ribbon-rectangular magnet 
shapes as thin as’ .004-inch has been announced by 
eral Electric Co. This is one-fourth the size PM a 
considered the low limit for thicknesses of this ¥™* i 
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is smooth, strong, flexible, and able to withstand high- 
speed winding without damage to insulation, offering 
many possibilities for application in electronic devices and 
other electric components. Because of the thinness of 
the wire it can be applied where round wire previously 
had to be used. In addition it will substantially increase 
the winding space factor and may be used in place of 
larger-size, rectangular magnet wire to increase magnetic 
effect or reduce coil size. 


Hand-Operated Hydraulic Pump 


PARTICULARLY suitable for installations in which 
small quantities of fluid at high pressures are required, a 
new hand-operated hydraulic pump is being offered by 
Pesco Products Co., 11610 Euclid avenue, Cleveland 6. 
The rated capacity of this double-acting, differential, 
piston type pump is one-eighth gallon per minute at 20 





cycles per minute, with 1500 pounds per square inch 
discharge pressure. Spring-loaded ball check valves pro- 
vide unidirectional fluid flow. The needle bearings at 
the lever and pivot minimize operating torque. Packing 
is suitable for operation with mineral oil. Weighing 
only 2.4’ pounds, the pump is lubricated by fluid pass- 
ing through. 


Cowling Fastener Offered 


DESIGN AND construction improvements have been 
made in fasteners for cowlings and panels produced by 
the Simlok division of the Simmons Machine Tool Corp., 
Albany, N. Y. One of the improvements includes the 


fastening and unfastening of the unit with a quick quar- 
ter-turn. When unfastened the stud’ is self-ejecting, per- 
mitting quick inspection. The fastener is available with 
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three types of studs—tlush head, oval head and wing he 
—and comes in three sizes. For assembling curved gh 
such as engine cowlings, the tapered design of the ; 
tener makes it particularly valuable. The fastetier ¢ 
inates side play and holds end play or spring defle 
to a maximum of .008-inch or just enough to lock § 
fastener. It is constructed with a hollow inner One-pie 
housing integral with locking rings, and is casehardey 
to eliminate wear. A long-travel helical spring ejegis 
fastener when unlocked, and an outer housing retains j 
spring and inner housing as a complete assembly, » 
manent installation, if desired, is possible with a lody 
ring. To lock, the two sheets are brought together sp 4 
stud enters the receptacle. Then the stud is depres 
against the spring action and turned until it rides mp4 
the cam surfaces. It locks in a seat in the cam, 

new cowling fastener is being used primarily in the aj 
tion industry and has many potential postwar applicatig, 


Small, Thin Toggle Switch 


FF OR APPLICATION on small tools, appliances and off 
machines, a new small, thin toggle switch has been 
veloped by McGill Mfg. Co. Inc., Valparaiso, Ind. ( 
struction of the switch is vibration and dustproof. 
body is 1 inch long, %-inch wide and 42-inch thick, 
will fit into a shallow opening. The accompanying il* 
tration shows the switch in actual size. It is available 
three types: No. 25 single-pole, rated at 6 amperes !! 


> 


at 6 amperes, 125 volts. No. 28, two-circuit, no of p 
tion, rated at 6 amperes, 125 volts. All three types 


_ volts, and 3 amperes 250 volts, _No. 27, three-way, mis | 



















furnished with wire leads or solder lugs. In addition" 
the above-mentioned uses, the switch has many ™ 
applications such as individual control of lights in 
man cars, passenger cars and buses, interior lights in aut 
airplanes, camera projectors, etc. 








‘Three Hydraulic Lock Valves 


THREE NEW small size, lightweight, hydraulic ; 
valves are being produced by Adel Precision Prodi 
Corp., Burbank, Calif., for use in aircraft to protect ® 
chine gun turrets, landing gear and other controls ag 
operation failures due to leakage. The new valv “gf 
hydraulic fluid in cylinders or hydraulic motors unt ‘ 
directional control valve is operated, thus ae 
pressure in the actuating mechanism. Automatic =” 
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Comol Magnet Gives You 


N air-gap flux density of approximately 2000 gausses—made possible 
by the comol magnet—means a magnetic field some 50 per cent 
stonger than that of the conventional chrome-steel magnet. 


Higher Torque This greater magnetic strength provides a substantial 
increase in torque. Since the weight of the moving element is about the 
same as that of other designs, the torque-to-weight ratio is much higher. 


Foster Response The greater flux density also allows the use of a larger air 
gap, which minimizes any tendency toward stickiness. Faster response, 
which is assured by the high torque and lightweight moving system, 





LARGE AIR GAP — 0.061 INCH 





















MOVING COIL (WITH POINTER, 
BALANCE WEIGHTS, AND 
SPRINGS OMITTED 
TO SHOW DETAILS) 


Type DW-53 d-c voltmeters, 
ammeters, and  volt-ammeters. 
Designed to measure voltage and 
current in battery and battery- 


charging circuits on naval air- 
craft. Designed to meet all ap- 
plicable Navy specifications. 





addition bl . % 

many ob ‘tables accurate readings to be taken more quickly. 

hts be ne Improved Performance Large-radius pivots and good damping are among 

hts in aul the other good features in the internal-pivot design—a design that as ces: at ible, 
packs all-round fine performance in a small space. They all add up to tions service: Type DW-51 d-c 
gery that is well able to withstand abnormal vibration and voltmeters, eet hen 

0C. ; oan is meters, microammeters; l ype - 

e and maintain its rated accuracy. 59 te di o-frequency noch nete 
Pi complete information, ask our nearest office for Bulletin GEA-4064, pa nate ar ventded Vetoltte. al 

saul ch covers instruments for use in radio and communications equip- 

vn Prod ment; or Bulletin GEA-4117, which describes those suitable for naval 

ore aircraft. General Electric Company, Schenectady 5, N. Y. 

a : Buy all the BONDS you can—and keep all you buy 
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operation they hydraulically lock the cylinder and are 
opened by pressure released by the selector valve. Op- 
erating parts are corrosion-resistant steel, and bodies are 
of dural bar stock, assuring freedom from porosity. A 
thermal relief valve is incorporated in each lock-valve cyl- 
inder port to bleed off excess pressure at from 1200 to 
2000 pounds per square inch, depending upon require- 


ments. The valves may be obtained for various tubing 
sizes and. for operation ranges from —65 to 160 degrees 
Fahr. Type D12940, illustrated, weighs 1.18 pounds and 
measures 4 x 2 7/16 x 1% inches. 


Three Peelable Stickers 


AccorDING TO a recent announcement of Avery Ad- 
hesives, 451 East Third street, Los Angeles, three of their 
peelable stickers now are available in stock sizes. These 
stickers are applied without moistening, stick to any 
smooth metal, glass, plastic or wood surface, and are eas- 
ily peeled off when desired. 


Self-Locking Nuts Available 


Now BEING MADE in fourteen bolt sizes, from %4- 
inch to 1% inch, with national coarse or national fine 
thread, the self-locking nut of Stover Lock Nut & Ma- 
chinery Corp., Easton, Pa., is being produced under pre- 
cision methods to insure uniformity in size and perform- 
ance. Designed to withstand severe vibration, the nut 


meets Army and Navy specifications for many types of 
war equipment such as planes, tanks, motor vehicles, guns, 
and on ships of varying sizes, from P-T boats to sub- 
marines and battléships. The nut acts as a spring which 
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clutches the bolt, this being achieved by subjecting 
nut to the company’s compressing process under which 
upper part of the threaded portion is made slightly 

tical while the lower threaded portion remains ipa 
It can be screwed on a normal bolt about half waw 
hand, and then requires the use of a wrench. 
threads are on the bolt, the nut locks itself by util 
the elasticity of the metal, steel or bronze. It is ig) 
piece, and can be made to any torque required. 


Injection-Molded Nameplates 


To MARK STEAM and diesel engines, injection-mols 
nameplates of Tenite are being produced. The mm 
plates are molded by Remler Co., Ltd., San F ancisea 
of Tenite produced by Tennessee Eastman Corp,, Kim 
port, Tenn. Unlike their predecessors, the nameph 
will not corrode and outlines will remain distinct—nope 
ishing being necessary. A sharp contrast with the mall 
is provided by one color being an inherent part off | 
plastic and another being furnished by paint. Begum 
of the high visibility of the new nameplates, it i# jam 


that Tenite will serve this purpose after the war as wel 
The plates are fastened to the engines by means of 
chine screws, and serial numbers and other date” 
stamped on with metal stamping dies. 4 


High Heat-Resistant Plastic 


3 
SAID TO BE the first plastic ever developed that at 
hold its shape and strength in boiling water and yet be 
molded by the fastest methods, the new thermoplaste 
known as CEREX opens up a new field of industrial a fe 


household applications by virtue of its ability to 

stand sterilization. Produced by Monsanto Chemical , 
St. Louis, the new plastic already has found wide ns? 
war work, particularly Radar, radio and other malta 
electronic equipment where light weight, suitable ee 
trical and heat-resistant properties are required. It also 5 
being used for surgical instruments, aircraft instruments 
and other war applications. Cerex is readily moldable # 
standard molding machines, and combines high resi 
to heat with resistance to strong, corrosive chemical 
cellent insulating properties, high rigidity and stremgy 
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Welding is more easily 
_ done on high strength 
molybdenum cast steels. 
Why not consult us? 
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MOLYBDIC OXIDE, BRIQUETTED OR CANNED & 
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Men of Machines 


RECENT ANNOUNCEMENT has been 
made by The _ Addressograph-Multigraph 
Corp., Cleveland, of the promotion of Lester 
F. Mitchell (left) to manager of engineering 
and of Franklin E. Curtis (right), to chief en- 
gineer of the company. Both men started by 
learning the toolmaker’s trade. Previous to 
his appointment as manager of engineering Mr. 
Mitchell had been chief engineer, the post he 
had held since 1932 when he joined the cor- 
poration. Prior to that he had been connected 
with National Cash Register Co., Dayton. 

Mr. Curtis, who succeeds Mr. Mitchell, be- 
came. associated with Addressograph-Multi- 
graph after spending several years in engineer- 
ing work following World War I. 








BEGINNING HIS professional career in the automotive field as an appren- 
tice, Ellery R. Fitch has reached the top as director of engineering of 
Bendix-Westinghouse Automotive Air Brake Co., Elyria, O.—the position 
to which he recently was appointed. Immediately upon graduation from 
Syracuse university in 1912 as a mechanical engineer, he joined the West- 
inghouse Air Brake Co. as a special apprentice. Later he served succes- 
sively in a variety of commercial, district and research posts with this or- 
ganization, until 1938. At this time he became connected with Bendix- 
Westinghouse Automotive Air Brake Co., accepting the assignment as chief 
engineer and fulfilling the duties of this position until his appointment as 
director of engineering. Mr. Fitch is a member of the Air Brake associa- 
tion, Society of Automotive Engineers and the Army Ordnance association. 
During World War I he served as a Lieutanent with the United States 
Naval Reserve. He was born in 1889 in Elmira, N. Y. 





F ORMERLY CHIEF engineer with the Oldsmobile division of General 
Motors Corp., Harold T. Youngren has been appointed director of engineet- 
ing development of Borg-Warner Corp. His previous engineering & 
perience began in 1910 and included positions with Allis-Chalmers, West 
inghouse, Harley-Davidson, and the Pierce-Arrow Motor Car Co. During 
World War I he was employed by Curtiss Aeroplane & Motor Corp., # 
Buffalo and Garden City, N. Y., as an experimental design engineer be 
airplanes and engines. He then joined the Studebaker. Co. as executive 
engineer in charge of passenger car chassis design. In 1929 he went t0 
General Motors and in 1933 became chief engineer of the Oldsmobile di- 
vision, the position he held at the time of his present appointment. 

of the chief duties of his new post will be supervision of Borg-Wamet 
research laboratories, and he will cooperate with the engineers of the 
poration’s divisions and subsidiaries. While the organization has labom® 
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BALL and ROLLER BEARINGS 


Standard and Special 


FROM 6” INSIDE DIAMETER TO 100” OUTSIDE DIAMETER 
COMMERCIAL FINISH OR ULTRA!-PRECISION 










‘Spherical Roller Bearings 


Radial Ball Bearings - Thrust Ball Bearings 
se Radial Roller Bearings - Thrust Roller Bearings 


ing of 
sition = 

2 Taper Roller Bearings 

West- 

UCCeS- Seoaight OK Sed altyning 4 Siu Heavy Duty on Special Sight Type + 
is Or- 

endix- LIGHT WEIGHT NON-METALLIC CAGES OR STANDARD BRONZE TYPE 


ea : . Early Delivery * 


ation. 
States 








PRECISION MACHINE WORK OR GRINDING 
& unusual accuracy in large daamelers 


ATMOSPHERE HARDENING « FLAME HARDENING « PRECISION HEAT TREATING 
METALLURGICAL LABORATORY « MICROSCOPY AND PHYSICAL TESTING 


For excellence in production of extremely precise, 
unusually large ball and roller bearings 
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tories at Detroit and Rockford, Ill., Mr. Youngren will use 
Chicago as headquarters. As far as technical society affili- 
ation is concerned, he has been an active member of the 
Society of Automotive Engineers for more than thirty 


years. 
o 


GrorcE H. Ciark, vice president in charge of engi 
neering, The Formica Insulation Co., recently was elected 
a director of the Society of the Plastics Industry. 


¢ 


CuiirForD T. APPLETON has been appointed manager 
of the machine division of Rolled Thread Die Co., Worces- 
ter, Mass. For seven years previously he had been vice 
president of Leon J. Barrett Co., and before then was 
associated with Heald Machine Co. and Reed Prentice Co. 


¢ 


RAYMOND W. SCHEUBEL who had been a tool designer 
for Allied Process Engineers is now service engineer for 
Elastic Stop Nut Corp., Newark, N. J. 


¢ 


CLARENCE A. HuBeErT, formerly in the engineering de- 
partment of the Farm Tractor Division, International 
Harvester Co., Chicago, has been appointed chief engi- 


neer of the division. 
ry 


Pau C. VyrF has become connected with Battelle Me- 
morial institute, Columbus, O., as research engineer 
Formerly he had been chassis designer, truck division, 
Dodge Division of Chrysler Corp., Detroit. 

. 


A. C. Boock of Allis-Chalmers Mfg. Co., Springfield 
Works, Springfield, Ill., has become assistant chief engi- 
neer of the company. He previously had been chief de- 


sign engineer. 
¢ 


T. C. KuniMan, previously connected with Miller En- 
gineering Corp. as research engineer now is associated 
with Allis-Chalmers Mfg. Co., West Allis, Wis., as a con- 
sultant on precision castings. 

o 


RatpH H. Upson has been made chief aeronautical 
engineer for a War Production Board research project at 
the College of Engineering, New York university. In 
this research project it is sought to utilize wind as a source 
of electric power on a large scale. 

+ 


F. A. Dosson has become chief aeronautical engineer 
at Aeronautical Products Inc., Detroit. He had been 
project engineer in charge of glider design for Waco Air- 
craft Co., Troy, O. 


o 


O. G. BLocuer has been transferred to the Stout Re- 
search Division of Consolidated Vultee Aircraft Corp., as 
chief engineer. He had been connected with the Stinson 
division, Wayne, Mich., as executive engineer. 

. 


R. C. Hensuaw is the new chief engineer responsible 
for all design and development for Lord Mfg. Co., and 
LEON WALLERSTEIN JR. will have charge of the develop- 
ment laboratory. 
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Patent Courts 


(Concluded from Page 96) 





though it would seem over the long period of years 
that the burden is on the defendant to show that there 
was no invention, I have to reach the conclusion, as 
a result of the study of Supreme Court decisions dur. 
ing the last few years and as I interpret the decisions 
of the United States Circuit Court of Appeals for this 
circuit, that that burden, in effect, shifts, and it be. 
comes imperative for the plaintiff to show that his cop. 
tribution to the art was substantial. 

PATENTEE’S ATTORNEY: On that point, your Honor, it 
leaves the inventor in a very precarious situation. 
THE Court: It certainly does. 

PATENTEE’S ATTORNEY: The Government issues a 
patent, takes the inventor’s fees. The inventor spends 
money for a patent attorney. And if his invention has 
utility and novelty he has the burden of then proving 
that it amounts to invention. It puts him in a posi- 
tion where large corporations can adopt his invention 
even though it has utility and novelty and throw a fur- 
ther burden upon him of coming into court and spend- 
ing a large sum of money to establish that he actually 
has made what amounts to invention. Now! of course, 
that makes it a great hardship upon any individual. 
THe Court: -That is the situation that every plaintiff 
in a patent suit has to face when he comes into court. 
It is not for a trial court to do other than to conform 
to the expressed authority of the highest courts. 


The judge in the dialogue quoted was, prior to his ap- 
pointment to the district court, an attorney engaged in 
patent practice, and would be representative of those 
qualified to be selected for the proposed court of patent 
appeals. A check on his patent cases over a three-year 
period reveals that, of 11 patents, he held one valid and 
infringed and 10 invalid or not infringed, making a “lst 
percentage of more than 90 per cent. This illustrates the 
fact that the adoption of a single court of patent appeils 
will not alone settle our patent problems if the judges 
who are to be selected declare 90 per cent of the patenis 
invalid or not infringed. This high percentage of patent 
mortality will drive inventors to keep their inventioms 
secret. Of vitally more importance than the adoption of 
a single court of patent appeals is congressional legisla- 
tion defining a standardized definition of what constitutes 
patentable invention, as discussed in MACHINE DESIGN, 
February, 1944. Such a standardized definition would 
eliminate the predicament in which judges find themselves 
today where they are forced to disregard the presullp 
tion that the patent is valid for fear of being reve 
should they hold the patent valid and infringed. If all 
courts were geared together by having the same test for 
patentable invention, then the need for materially chang- 
ing our system by establishing the single court of patent 
appeals would appear secondary. 





























Stepped extrusions, in some cases, provide economy ® 
material cost and in manhours required to machine 
ished parts such as the spar caps used in some 
designs. 
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If you can use higher fluid pressure you can save time. This pump 
has a capacity of 400 gal: per hr. at 2500 rpm. Suppose you save 
only 2 man-hours a day per pump; that means a saving of from 
$40 to $60 a month. _- 
Higher pressUte range may also help you. This G-9 runs from 6 to 
35 lbs. per square inch. Furthermore it weighs less — only 2% Ibs. Its 
balanced type relief valve with shaft seals are dependable through 
extreme ranges of temperature. A precision built pump noted for its 
unfailing dependability, but only one of many in the ROMEC line. 
In writing kindly tell us 
about your requirements 
so we can advise you 


on the model best suited 
to your needs. FT 4 LAA G 
ROMEC PUMP COMPANY NON-PULSATING 





101 ABBEY ROAD PUMPS... ACCESSORIES 
ELYRIA, OHIO, U.S.A. j 
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Clutches 


(Concluded from Page 106) 


- applied to the coil through two collector rings usually 
mounted on the field hub. Magnetic attraction, conse- 
quent to energization, draws the two members together 
with a positive and uniform pressure for development of 
the required driving torque. Upon interruption of the 
current, a spring disk or set of spiral springs separates 
the two members almost instantly, providing positive 
idling clearance. Magnetic clutch coils consume a nom- 
inal amount of current and may be wound for operation 
on any specified direct-current voltage. 

In the clutch pictured in Fig. 11 the driving force is 
friction. There is, however, another type available em- 
ploying serrated or toothed engaging surfaces and it is 
used where instantaneous engagement free of slippage is 
required. The serrated type, an application of which is 
shown in Fig. 12, can be engaged only at a standstill, but 
may be released while turning. 

Because most types of machines require considerably 
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Fig. 13—Power consumption curves of comparison tests 
show the smaller amount of current needed to start motor 
when centrifugal clutch is used to couple motor and load 


more power for starting than for operating after being 
brought up to speed, and many commonly used power 
sources such as electric motors and internal combustion 
engines produce relatively low torques at low speeds, 
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over-powering of machines solely for the Purpose ¢ 
starting often results. 

This brings into the picture a type of elutch whic) 
meriting ever-increasing recognition in the machine | 
sign field—the centrifugal clutch. Interposed be 
driver and load, a centrifugal clutch engages only 
predetermined speed has been reached. Thus the 
is not called upon to pick up the load until it has 
oped a large proportion of its total torque. 

Some idea of how much power can be saved dy 
starting through the use of a centrifugal clutch is gj 
the curves in Fig. 13. While these curves apply 
ically to an application using a mercury type of centri 
clutch, they are nevertheless indicative of cen 
clutch performance in general. The mercury 
simple in design, consisting mainly of a driving 
or housing, an inner drum which acts as the driven m 
ber, segmented friction members disposed radially 
tween the housing and inner drum, a cover plate 
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.Fig. 14 — In this 


type of centrifugal 
clutch, engage- 
ment is effected 
when a number of 
flyweights are 
forced outward 
against the sloping 
walls of the outer 
clutch member 


Flyweight 
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quantity of mercury. As the clutch speeds up, the mer 
cury is thrown outward by centrifugal force and distrib 
uted evenly around the inner wall of the housing where 
it exerts a pressure on the clutch segments which in tim 
press against the inner drum and create the driving frig: 
tion. Since the torque capacity of the centrifugal clutch 
varies as the square of its rotational speed, it is most eflee 
tive at high speeds. Below 1000 revolutions per minule 
it must be built to a relatively large size. 

Another simple type of centrifugal clutch is that shown 
in Fig. 14. As will no doubt be apparent from the draw. 
ing, engagement is established when the flyweight § 
pressed by a sufficient amount of centrifugal force agains! 
the sloping walls of the outer member. 


@ It will be seen from the foregoing that constant progres 


is being made in the clutch field, always with an eye © 
ward smoother, better controlled coupling. Each of the 
clutch types has its special merits—each fits into som 
specific applications better than do the others. It® 
hoped that this discussion will aid the reader in deter- 
mining the types best suited to his particular job. 

MAcHINE DESIGN acknowledges with appreciation the ook 
laboration of the following companies in the preparation ; 
this article! Dings Magnetic Separator Co. (Figs. 11 and 12h 
The Hilliard Corp. (Figs. 1, 2, 4, 7, 8, 9, and 10); Bim? 
Mfg. Co. (Fig. 3); Link-Belt Co.; Mercury Clutch Corp. i 
13); Morse Chain Co. (Fig. 5); Newaygo Engr. Co. ( Fig. M4); 
Rockford Drilling Mach. Div., Borg-Warner Corp.; Twi 
Clutch Co. (Fig. 6). 
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UFT TRUCKS, manufactured by the Tow- 
motor Corporation, are designed for 
the safe, rapid handling of multi-ton 
loads in around-the-clock service. To 
provide smooth operation in raising 
and lowering the load, Torrington NCS 
Needle Bearings are used on the hy- 
draulic lifting cylinder crosshead. X- 
section clearly shows how compactness 
and high capacity of these bearings 
make them especially suitable for this 
interesting application. 


MORE THAN 150,000 Jahco air- 
plane starters have been manu- 
factured by the “associates” of 
Jack & Heintz, Inc. Noted for 
their dependability and instant 
response to the starter switch, 
Jahco starters are now used ex- 
clusively in all large combat 
and bombing aircraft. Due to 
the necessity forcompact design 
and light weight, Torrington 
LN Needle Bearings were se- 


1g where lected for use in the gears shown 
h in tum at the right. 
al clutch “OUT OF THE ORDINARY” bear- 


ing applications are an impor- 
tant phase of Tor-ington’s En- 
gineering Service. The specifi- 
cations may call for a bearing 
of unusual size, or special de- 
sign. Frequently a bearing pre- 
viously engineered for one ap- 


eight is plication can be adapted to 
» against meet the requirements of an- 
? ag other. Man in foreground in 


photo at right is handling the 
inner race of a large double-row 
tapered roller bearing, a type 
widely used in heavy-duty mill 
applications. 
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are used for the plunger rollers. 
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Blackmer Pump Company, 1978 Century Avenue, Grand Rapids 9, Miucnigan 


Essential data on the installa- 
tion, operation and maintenance 
of modern pumping equipment. 
Prepared by Blackmer engineers 
for those who buy and use ro- 
tary pumps. 


These Bulletins will be 
sent FREE upon request 


304: FACTS ABOUT ROTARY 
PUMPS—Diagrams of operating 
principles of swinging vane type 
rotary pumps. 


111: DIRECT-CONNECTED ROTA- 
RY PUMPS—Low capacity, high 
efficiency pumping units of wide 
industrial application. 


115: SANITARY PUMPS—Important 
data for food processing plants. 


120: MARINE PUMPS: The advan- 
tages of ‘‘Bucket Design’’ swinging 
vane principle in the Marine field. 


205: ROTARY HAND PUMPS — 
Safety, efficiency and economy in 
handling stockroom liquids. 


400: EZY-KLEEN STRAINERS 
(made by Blackmer) The importance 
of protection for positive displace- 
ment pumps. 


SER-1: PUMP MAINTENANCE 
CARD—Handy check list, in card 
form, to hang near each pump. 


302: PUMP ENGINEERING DATA— 
Rarely published tables, charts and 
other useful information for those 
who use pumps. 


102: TRUCK PUMPS—Power-take- 
off and self-powered pumping units 
for tank trucks. 

Your “pump file’’ is not 
complete without these 
bulletins. Sign and mail 
the coupon NOW. 








Please send bulletins checked— No. SER-1 [] 

No. 304 [] No. 111 1 No. 115 [J No. 120 [] 

No. 205 [] No. 400 [] No. 302 [] No. 102 [] 
Signed. Ms <1 Seed 
Company a ‘, 
Address__ 
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Vibration and Noise 


(Concluded from Page 90) 





measure acceleration, etc. 

Choice between displacement, velocity or accelerating 
depends upon the application. Inasmuch as Vibrating 
stresses in a machine are a function of acceleration, ti 
characteristic is probably the most widely used. In heayy 
machines, with low-frequency vibrations, displacemer! 
measurements often are made. 

Observation of vibration may be made in a number j 
ways. The vibration meter, Fig. 10, and the unit tp the 
left of Fig. 11, indicate the root-mean-square of the tot 
vibration. The complete assembly shown in Fig. 11, om 
sisting of the meter at left and the analyzer at right, pro 
vides indications of the magnitudes of the separate hy. 
monics comprising the vibration. Other types of equip. 
ment furnish records of the vibration spectrum in the sane 
manner as the sound analyzer already described. Use of 
a direct-inking oscillograph, Fig. 12, provides a perm: 
nent record of the actual wave shape which can then by 
inspected and analyzed at leisure. Other forms of osc. 
lograph furnish a visual indication of the desired way 
shape ona screen. The portable unit illustrated in Fig | 
traces a record on a celluloid ribbon. 


Localizing Sources of Vibration 


Compared with noise observations, vibration measur. 
ment and analysis have the great advantage that they ca 





be highly localized by placing the pickup at the ext 
point desired, as in Figs. 1 and 10. The pickup alsoca 
be used to explore for the source of vibrations by moving 
over the surface of the machine. 

Discussion of vibration measurement would be incom 
plete without reference to the usefulness of stroboscopit 
devices in the study of large-amplitude vibration. Tlumi- 
nation of vibrating parts by timed flashes of light of e 
ceedingly short duration can create the illusion of sow 
motion or stopping, depending upon the relation betwee 
flash frequency and vibration frequency. Thus by “sow. 
ing down” the vibration until it can be followed by tie 
eye the simultaneous behavior of several points can be 
observed, supplementing the information given by 
vibration meter or analyzer. 

It is hoped that this brief discussion will aid the de- 
signer in deciding what type of equipment best meets the 
needs of his problems. Frank discussion with instrumet 
manufacturers of the exact requirements of any propos 
new equipment will result in the final selection of al 
ment which will yield the maximum overall satisfaction. 

Part II of this series will include a discussion o the 
suppression of vibration and noise, with particular refer 
ence to isolation through the use of special mountings 
insulating materials. 

MACHINE DESIGN acknowledges with appr 
eration of the following in the preparation 
American Standards Assoc. (Figs. 5 and 6); The Brush » 
velopment Co. (Figs. 9 and 12); General Electric Co. (Figs 
and 10); General Radio Co. (Figs. 3, 4 and 11); Wester 
Electric Co. (Fig. 8); and Westinghouse Electric & Mig. @ 
(Fig. 1). 
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Canadian Representatives: Prenco Progress and Engineering Corp., Ltd. 
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ALDES TRUARC presents a significant 
W cavance in retaining rings. It spreads or 

contracts without distortion; always re- 
taining its perfectly fitting circular contour. 


For thrust-load fixing, and shaft and hous- 
ing applications, Waldes Truare provides dis- 
tinct advantages over nuts and bolts or wedges 
and washers...it reduces dimension and weight 
...saves material...cuts manufacturing time... 
simplifies assembly and dis-assembly. 


On request, we will gladly furnish samples 
and full data for your tests. 





WALDES KOH-eIeNOOR:INC. 
LONG ISLAND’CITY - N. ¥. 


Sole Manufacturers in U.S.A. 


72-74 Stafford St., Toronto “a 
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TYPE DBZ 


BACKLASH, FRICTION, 
WEAR AND 
CROSS-PULL 


TYPE DSM 
ay tructive evils 





the four des 


found in other types and 


makes of couplings. 


NO BACKLASH 
NO WEAR 

NO LUBRICATION 
NO THRUST 

FREE END FLOAT 


These are the five essential 
features of Thomas Flexible Couplings 
that insure a permanent carefree 
installation. 





TYPE AM 





TYPE DBZ-D 





WRITE FOR COMPLETE 
ENGINEERING CATALOG 


THOMAS FLEXIBLE COUPLING CO. 
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BUSINESS AND 
SALES BRIEF 





P ROMOTION of E. W. Stoner from Detroit district ma 

to sales manager in charge of industrial sales has been 
nounced by Haskelite Mfg. Corp. He has been associa 
with the company for twenty-five years. 


o 


Goodyear Tire & Rubber Co. has appointed R. D, Vicker 
in charge of plastics and chemical sales in the eastem region. 
Mr. Vickers, who will make his headquarters at 600 Wes 
Fifty-eighth street, New York, is a member of the newh 
created plastics and chemical sales division. 


+ 


Frank J. Brogan lias been made special sales representative 
in Texas, Oklahoma, Arkansas and Louisiana for the Bunting 
Brass & Bronze Co. and will make his headquarters at Dalls 


o 


Appointment of the Geo. M. Prescott Co. to cover distri 
bution of products in the Los Angeles district has been a 
nounced by Robbins & Myers Inc., Springfield, O. 


¢ 


With headquarters in San Francisco, Thomas J. Kehane 
has been made commercial vice president in charge of Pacile 
Coast activities for Worthington Pump & Machinery Con, 
Harrison, N. J. Formerly manager of New Jersey sales ail 
assistant manager of the New York district office, Mr. Kehae 
will also be in charge of activities in territory covered ly 
the Salt Lake City district office. 


¢ 


Naming of Julian F. Gordon as assistant manager of sl 
has been announced by Stainless Steel division, Camege 
Illinois Steel Corp., Pittsburgh. 


* 


According to a recent announcement Charles A. a 
has become general sales manager of both Chicago Malleab 
Castings Co. and Allied Steel Castings Co., Chicago. 


+ 


Connected with the company for two years, Henry D 
Engelsman has been named sales manager and techni 
service supervisor of Metallizing Co. of America, Chic 
Previously he had been sales and service engine 
DeVilbiss Co., Toledo, O. 


¢ 


Advancement of A. G. Bussmann from assistant to 
executive vice president to assistant to the pi Ca 2 
been announced by Wickwire Spencer Steel 
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We've had to keep on adding to our capacity 
for turning out Bristo Multiple-Spline Socket 
Set Screws. Recently, facilities were increased 
another 25%, representing hundreds of thou- 
sands more screws per week in the wire sizes 
alone. 

The reasons why more and more manufac- 
turers of electronic and electrical apparatus, 
airplane parts, photographic, scientific instru- 
ments and a multitude of similar products have 
adopted Bristo Screws include: 


No expanding pressure; the 
key pulls the screw around. 






Our answer to your enthusiasm for the 
tightest-setting small screw on the market: 













Assemby is FASTER, because of the easier transmis- 
sion of rotary wrenching power. 

Assembly is EASIER, because there is no slippage — the 
key is geared to the screw. 

Assembly is SIMPLER, because Bristo screws easily 
reach hard-to-reach places. 


Assembly is TIGHTER, because the screw can be turned 
farther without bursting or rounding out. 


Disassembly is QUICKER, because the screw releases 
with a flick of the key — without socket damage. 


eee? | - eee ee re ee 


122 Bristol Road, Waterbury 91, Conn. 


MULTIPLE- GEARED TO THE KEY— 
SPLINE FOR FASTER, EASIER, 
SOCKET SET TIGHTER SETTING 


. 

















NS CHERRY 
TACK RIVETS 


This is a special new hollow type Cherry Rivet. 
Don’t use self-plugging Cherrys for tacking. 





Critical jobs that have‘to be just so . . . jobs that are 
hard to hold together— bends and curves and shifty 
materials . . . tack ‘em temporarily with Cherry Tack 
Rivets. Easy? On riveted jobs just flip in Cherrys 
every so often. For welding, drill a few holes and 
pull in a few Cherry Rivets. For bonding, stitching, 
soldering—fastening of any sort—metals, plastics, 
wood, rubber or fabrics—the job is easier if it’s first 
tacked with Cherry Rivets. No obstacles, no clamps— 
economical—easy to remove. And of course Cherry 
Rivets work blind—one man on one side of job only. 


Get the complete story of the Cherry system 
—riveting with a pull instead of a pound. 
Write for Handbook A-43. Cherry Rivet Co., 
Department A-107, 231 Winston Street, Los 
Angeles 13, California. 





CHERRY RIVETS, THEIR MANUFACTURE AND APPLICATION ARE COVERED BY U.S. PATENTS ISSUED AND PENDING 
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Bussmann, who has been with the company since } 
been sales manager of the wire and springs divisig 

manager of the Buffalo district and general sales “a 
successively. 





¢ 


4 
George W. Garvin has been given the position of 
manager, Aero Products Division, Talon Inc., Meadville. j 


¢ 




















Promotion of Paul C. Roche to chief field engineer 
been announced by Lord Mfg. Co. In his new Position 
Roche will supervise field engineering work, be in ch; 
the home office sales engineering staff, and be respoi 
for delegating field engineering problems to the y 
department at the’ plant. Transfer of George B. Noll ff 
the Erie office to Chicago also has been announced. 


¢ 


Under the management of E. C. Bolton, who is m . 
of the district sales office, a new warehouse has been ¢ 
at 1200 Walnut street, Cincinnati, by Cutler-Hammer } 


Milwaukee. : 
‘ a 


Opening of a west coast branch office at 5655 


boulevard, Los Angeles 36, has been announced by 
Pioneer division, Bendix Aviation Corp., Teterboro, N. 


¢ 


Scullin Steel Co., St. Louis, has named R. C, @ 
assistant to the president in charge of sales. ; 
Appointment of Edward T. Nahill as sales manage 
been announced by Ace Mfg. Corp., Philadelphia, sped 
in precision grinding, metal stamping and machine Wi 
Mr. Nahill had been associated with General Electric Co 


+ 


Construction on additions to the Neoprene plant at Lats 
ville, Ky., has been begun by E. I. Du Pont De Nemours 
Co. Inc., Wilmington 98, Del. Capacity will be increasd 


fifty per cent. 


¢ 


Purchase of New England Drawn Steel Co., Mansfield, 
Mass., has been announced by Bliss & Laughlin Inc., Hane, 
Ill. The company will be operated as New England Draw 
Steel division of Bliss & Laughlin Inc. and will be under te 
diréction of Harold L. Sherwin, who continues 4s genenl 
manager with headquarters at Mansfield. 


+ 


A. G. Budd has been named mill supply products salesnat 
for the Cleveland and Pittsburgh areas of The Bristol 0, 
Waterbury 91, Conn., and will make his headquarters # 
Cleveland branch office located in the Engineers building. 





¢ 


Five new engineering representatives have been appoiat 
by Cannon Electric Development Co. They aré: 
Engineering, 6109 North Meridian street, Indianapolis 5 
Franklin Sales Co., Central Savings Bank, Denver % 
st, HE ML 
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Worthington Rotary Pumps with double heli- 
cal gears are Hyatt Roller Bearing equipped. 


searines: 1 YATT 


Rotary pumps that regularly handle extremely 
viscous liquids such as tar, molasses, asphalt and 
rosin, as well as liquids having lubricating value, 
for top efficiency must have roller bearings of large 
capacity and long life. 

The selection of Hyatt Roller Bearings indicates 
that the. manufacturer has done the utmost to 
assure the maximum of pump performance. 

Whatever your bearing problem may be, call 
on Hyatt engineers. They bring much valuable 


help to you. 


HYATT BEARINGS Division of GENERAL MOTORS CORPORATION 
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Harrison, New Jersey 
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Corp., 418 West North avenue, Milwaukee 12; Souther Sellers, 
918 Union street, New Orleans 13; and Mountain States En- 
gineering Co., 215 West Second, Salt Lake City 1, Utah. 


° 


Moving of the firm to new and enlarged quarters at 1 East 
Fifty-third street, New York, and appointment of four new 
associates has been announced by Martial & Scull, industrial 
designers. 





MEETINGS AND 
EXPOSITIONS 


Sept. 13-15— 

Society of Automotive Engineers Inc. National tractor meeting to 
be held at Schroeder hotel, Milwaukee. John A. C. Warner, 29 West 
Thirty-ninth street, New York, is secretary and general manager. 


Oct. 2-4— 

American Society of Mechanical Engineers. Fall meeting to be held 
at Netherland-Plaza hotel, Cincinnati. Clarence E. Davies, 29 West 
Thirty-ninth street, New York, is secretary. 


Oct. 5-7— 

Society of Automotive Engineers Inc. National aeronautic meeting 
and engineering display to be held at The Biltmore hotel, Los Angeles. 
John A. C. Warner, 29 West Thirty-ninth street, New York, is secre- 
tary and general manager. 


Oct. 12-14— 

American Society of Tool Engineers. Semiannual meeting to be held 
at Hotel Syracuse, Syracuse, N.Y. Adrian L. Potter, 2567 West Grand 
boulevard, Detroit, is executive-.secretary. 








Oct. 13-14— 
Electrochemical Society Inc. Fall meeting to be he 


Id at 
ler, Buffalo. Colin G. Fink, 3000 Broadway, + 


New York, is secretary, 
Oct. 16-18— 

American Institute of Mining and Metallurgical Engineers, Fall 
ing of the Iron and Steel and Institute of Metals divisions to be ky 
in conjunction with the National Metal congress, Public Hall, Cley. 
land. Convention headquarters will be at Hotel Statler. Frank T, §; 
29 West Thirty-ninth street, New York, is secretary of the dina 
divisions. 













Oct. 16-20— 

American Welding society. Meeting held in conjunction with the 
National Metal congress, Public Hall, Cleveland. Convention head. 
quarters will be at Hotel Cleveland. M. M. Kelly, 33 West Thitty. 
ninth street, New York, is secretary. 


Oct. 16-20— 
American Society for Metals. National Metal congress and War cop. 
ference displays to be held at Public Hall, Cleveland. . 


will be at the Statler and Hollenden hotels. W. H. Eisenman, = 
Euclid avenue, Cleveland, is secretary. ie 


Oct. 17-20— 

Society for Experimental Stress Analysis. Annual meeting jp 
held ia conjunction with the National Metal congress, Public Hall 
Cleveland. Convention headquarters will be at Carter hotel. Adé 
tional information may be obtained from headquarters of the Sociey 
at Massachusetts Institute of Technology, Cambridge, Mass, 

4 . 

Oct. 19-20— 

American Industrial Radium and X-Ray society. Annual meetix 
to be held in conjunction with the National Metal congress, Publi 
Hall, Cleveland. Convention headquarters will be at Hotel Hollenda 
Philip D. Johnson, 25 East Washington street, Chicago, is secretary, 


Oct. 19-21— 

Electronic Parts and Equipment Industry conference sponsored by 
Association of Electronic Parts and Equipment Manufacturers, Sade 
Managers Club and, the National Electronics Distributors associatim, 
to be held at Stevens hotel, Chicago. Additional information may & 
obtained from Charles Golenpaul, chairman of the publicity committe, 
care of Aerovox Corp., New Bedford, Mass. 
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Q. A. W. valves are doing valiant service 
in war work by promoting faster operation 
and insuring uninterrupted production. 
They can be easily adapted to most any 
pressure control situation. They operate 












Cam operated 
2- and 3-way types 
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Diaphragm operated 
2- 3- and 4-way types 
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VALVES 


CONTROL 





Mechanically Lever operated 
operated 2-and 2- and 3-way 
3-way actions actions 


= 2. Ss 








“fi 
millions of times without loss of efficiency 
or requiring time out for servicing. Short po 
travel and inherent balance in any position ley 


contribute to smooth, lively, easy action. th 
Available in a wide range of types and 
sizes for practically any application. 


Send for catalog and data book. / 


c.B. HUNT & SON 


1854 E. PERSHING ST.e SALEM, CHIO 
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hat a Handshake these fingers pack 








eS . a tube is drawn through a die, the 
end is “pointed.” Formerly it was simply 
bashed in by a process of hammering, a noisy 
Operation that necessitated constant turning 
ofthe ube. Someone thought the job could be 
done better hydraulically. And did it. 

Now, in a “squeeze pointer” a cluster of 
“fingers” crushes the end of the tube to a near 
ort | POint in one mighty squeeze. A throw of a 
ion |p ever... and wham! Just one quick stroke, 


ion. 


od |p tat’s all. The pressure of the Hele-Shaw 


Hele-Shaw 


Fluid Power Pump 














i 





A. 


“Astory of a squeeze delivered by Hele-Shaw Fluid Power 


Fluid powered fingers is calculated so the end 
of the tube won’t completely close—a neat 
example of pressure control. 

Hele-Shaw Fluid Power does the job in 
seconds, saves time. Saves material because 
tube end wastage can be rigidly controlled. 
It’s easier and quieter. Squeezing, lifting, tilt- 
ing, pushing, pulling, and a variety of similar 
mechanical actions can often be improved by 
using Hele-Shaw Fluid Power. We’re ready 
to work with you on future applications. 










OTHER A-E-CO PRODUCTS: 
TAYLOR STOKERS, MARINE DECK AUXILIARIES, LO-HED HOISTS 






AMERICAN ENGINEERING COMPANY 
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ARAMING Oe AVENUE 








e HILADELPHIA 25, PA. 









Far in advance of today’s production schedules and 
in anticipation of tomorrow’s needs, EICOR 
engineers are preparing to meet the inevitable demand 
for rotary electrical equipment designed for new 
applications. During recent years their store of 
knowledge has Leen used to direct our activities and 
those of others in the manufacture of more and better 
motors and dynamotors for war service. The breadth 
of experience ‘gained in this effort fits them, and our 
entire organization, for an important future in 


this field. 


An exceptional range of designs and frame 
sizes facilitates the development of equipment to meet 
your exact specifications—from tiny direct current 
motors to dynamotors and generators for every 
conceivable output or purpose. Our facilities are 
equally adaptable to the engineering of a single 
experimental unit or to production runs. 


Year's of patient research,the“spadework” 
that improves existing products or creates 
new designs, are represented in every 
EICOR part. If you use—or expect 

to use—motors, dynamotors, or 
generators, submit your 

requirements to us; our 

engineers may have 

something smaller or 

lighter or better 

to recommend. 





IMUAORBINIC 
1h UG OIR UL INIGo 1501 W. Congress St., Chicago, U.S.A. 
DYNAMOTORS + D. C. MOTORS * POWER PLANTS * CONVERTERS 


Exc t: Ad Auriema New York, U. S..A. Cable: Auriemo, New York 








Trimetric Drawing 


(Concluded from Page 140) 


As the copy board moves forward and ba 
funnel raises and lowers, permitting the camera to rep 
only that portion of the negative which is interseotig 
plane parallel to the plane of the camera at any g 
moment. In this way it scans the entire drawing ; 
records the axonometric projection on the sensitized pandll 
which then is developed in the same manner as an 
nary photograph. a 

Prints of the various parts then are returned | 
drafting room where they are positioned prope y 
trimetric drawing and traced. All that remains} 
draftsman to do is fill in the other two planes ‘i 
connecting members for which no prints have been: 
Even this work has been simplified considerably by 
of the four new instruments which were developed ; 
with the machine. : 


a 


New Instruments Described 


As shown in Fig. 8, the trimetric scale is triangill 
shape with an A face, a B face and a C face for meu 
ments on the A, B and C axes and of course all ling 
allel to these axes. Each face is graduated in thel 
scales 1:1, 1:2, 1:4 and 1:8, thus providing a single 
for the majority of fractional measurements. A sil 
instrument is graduated 1:1, 1:10, 1:30 and 10} 
decimal measurements. 3 

Shown in Fig. 4 is the trimetric template } 
vides three series of ellipses, one series for each @ 
three principal faces of the trimetric cube. The} 
ellipses in each series are in sizes %-inch to I in 
creasing in increments of 1/16-inch. a 

Designed for drawing ellipses larger than one ili 
trimetric underlay, Fig. 3, consists of a trimetri¢ 
which ellipses have been concentrically arranged € 
an inch on each of the three planes or faces, Wil 
three outer ellipses graduated in degrees. In i 
slipped under the drawing to the proper location# 
desired size of ellipse is traced off. It can be useas 
scale nontrimetric lines (lines in the three primi 
metric planes not parallel to the coordinate axes)/@® 
a diameter drawn on a principal plane of the cubes 
angle is intersected “in scale” by the concentric@ 

Similar to the ellipse template, with outer Siam 
notation of the coordinate axes identical, is the @ 
protractor. For any of the twelve trimetric post 
can be used for angular measurements on the sa 
cipal planes of the cube. The degree graduation® 
protractor are extended beyond the customaty * 
to one of the coordinate axes so as to provide 2 
axes A, B or C and the major axis in each of th 
principal planes. 

As a method of production illustration, trimelit 
ing has proved superior to other systems at , 
Martin plant. The development versions of the 
chine and the new instruments have been used . 
invaluable in simplifying and speeding up &®; 
tion of trimetric drawings. At present the equ 
being used on drawings for the JRM-1 Mars 8 
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